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FOREWORD 


This  report  is  the  product  of  a jointly  planned  and  corrdinated 
effort  under  cognizance  of  the  Joint  Technical  Coordinating  Group  on 
Aircraft  Survivability  (JTCG/AS),  Naval  A,ir  Systems  Command,  Code  5204J, 
Washington,  D.  C.  20361.  The  JTCG/AS  is  a_chartered  activity  under  the 
aegis  of  the  Joint  AMC/NMC/AFLC/|f JTCG/AS-CM-5-OXJ1  This  effort  was 
managed  by  USAF  Aeronautical  Systems  Division^  Deputy  for  Development 
Planning,  ASD/XRHP,  S.  E.  Tate,  WPAFB,  Ohio  45433. 

The  development  of  this  program  and  the  preparation  of  the  report 
was  performed  by  the  Aircraft  Engine  Group  of  the  General  Electric 
Company,  Cincinnati,  Ohio. 
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Government  may  have  forraulaLed,  furnished,  or  in  any  way  supplied  the 
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SUMMARY 


A new  design  tool,  the  Preliminary  Infrared  Radiation  Emissions  Program 
(P1REP)  has  I eon  developed  to  bring  the  infrared  emissions  considerations 
into  the  realm  of  configuration  definition  and  preliminary  design  of 
aircraft . 

This  development  sponsored  by  the  Air  Force  has  been  achieved  through 
the  cooperation  of  USN/ONR  code  211  and  USAF/ASD/XRH  in  a series  of  studies 
to  compile,  organize,  and  manage  the  existing  extensive  data  base  of  infra- 
red knowledge  and  related  influences  on  aeronautical  systems  survivability. 

Little  knowledge  of  IR  countermeasures  (IRCM)  technology  is  necessary 
for  the  use  of  PTREP  In  comparing  one  engine  against  another  or  in  pre- 
liminary suppression  evaluations.  As  a design  engineer  becomes  Increasingly 
conversant  with  the  problems  involved,  it  is  expected  that  he  will  in- 
creasingly utilize  tlie  options  available  In  P1REP. 

It  must  be  emphasized  that  the  IR  signatures  estimated  by  PIREP  are 
good  approximations;  useful,  quick  estimates  fur  early  study  purposes  to 
identify  design  parameters,  to  develop  data  and  to  identify  gross  dispari- 
ties between  types  to  engine  cycles.  Once  the  designs  have  been  reduced  to 
a few  candidal. ■ designs,  then  it  may  be  desirable  to  apply  the  highly 
sophisticated  and  more  accurate  IR  signature  analysis  programs. 

PIREP  consists  of  three  sections;  the  basic  module,  extension  i for 
lockon  range  and  extension  II  for  spectral  studies.  All  three  sections 
are  capable  ol  dual  mode  operation;  attached  to  engine  performance  decks  or 
Initiated  by  an  independent  executor  program  which  contains  the  input  and 
output  (I/O)  functions. 

It  Is  envisioned  that  the  basic  PIREP  will  eventual Ly  be  an  Integral 
part  of  engine  performance  decks  while  the  extensions  wl L 1 he  applied  to 
Independent  analyses  of  details. 
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I.  INTRODUCTION 


During  concept  definition  (CD)  and  preliminary  design  (PD;  activity 
many  tens  or  a few  hundred  configurations  of  engine  cycles  and  comporentr 
as  well  as  airframe  components  must  be  tentatively  evaluated  to  evolve  a 
desirable  few  candidate  designs.  One  of  these  candidates  then  beco net- 
designated  a baseline  for  additional  design  and  mission  capability 
comparison.  Obviously,  many  (IP.  emission)  critical  decisions  have  already 
been  made  at  this  stage.  If  IR  emissions  are  to  be  successfully  managed 
In  aerosp  ce  systems  design,  it  must  be  integrated  into  tne  CD  and  PD 
activity . 

A new  data  management  scheme,  developed  in  this  effort,  is  specifically 
tailored  to  make  IR  knowledge  available  for  CD  and  PD.  The  Preliminary 
Infrared  Radiation  Emissions  Program  (PIREP),  a quick  inexpensive  computer 
routine  for  evaluating  IR  emissions,  was  designed  to  be  an  attachment  for 
customer  engine  performance  decks  to  produce  IR  emission  parameters  along 
with  all  other  engine  performance  parameters.  PIREP  is  suitable,  also, 
for  inclusion  in  engine  performance  parametric  decks,  or  it  can  be  operated 
independently  for  more  detailed  or  parametric  studies.  PIREP  was  developed 
for  the  U.S.  Air  Force  under  contract  F33f)15-7(>-C~0117. 

PIREP  was  initiated  as  a result  of  the  IR  Handbook  program  sponsored 
by  the  USN,  Office  of  Naval  Ref eerch  (Ref.  1),  a program  which  has  con- 
centrated on  gathering  current  m uhodology,  organizating  the  extensive  data 
base  of  infrared  knowledge,  a..d  Increasing  survivability  through  improve- 
ment of  analytical  tools. 

A technique  for  utilizing  data  correlation  analysis.  Plume  Cycle  IR 
Parameter  (PCIR)  whs  developed  under  Contract  N00014-74-C-0074,  as  a 
cooperative  venture  between  USN,  Office  of  Naval  Resea  ch  and  USAF/ 

ASD-XR  (Ref.  1).  Ibis  technique  represents  peak  plume  emissions  in  two 
wavelength  bends  (1.8-2. 7pm  and  3. 9-4. 8pm  defined  us  functions  of  engine 
cycle  parameters.  A companion  effort  developed  under  the  same  contract 
(C-3074)  provides  an  algorithm  for  engine  Hot  Dirt-  Emissions,  the  Cycle 
IR  Parameter  (CIR) . 

PIREP  represents  the  next  logical  step;  to  develop  a computer  routine 
to  express  these  prediction  methods. 
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XI.  GENERAL  DESCRIPTION 


A.  PIREP  System 

PIKEP  Is  a computer  program  fur  rapidly  generating  turbine 
engine  IR  emissions  intensities  and  distribution  for  use  with  aircraft 
engine  performance  decks  used  by  the  government.  The  program  operates  In 
two  independent  modes:  in  connection  with  and  attached  to  engine  perfor- 

mance decks  used  by  the  Government  or  supported  by  a self-standing 
independent  executor  program.  Each  initiator  will  provide  the  input  and 
output  (I/O)  functions.  As  a minimum,  input  will  require  some  description 
of  engine  and  exhaust  system,  aircraft  configuration,  observing  system  and 
scenerio.  Typical  input  data  will  include:  T5,  turbine  discharge  tem- 

perature, °R;  T7,  exhaust  exit  temperature,  °R;  A8,  exhaust  throat  area, 
in^;  Pb  exhaust  total  pressure  nsia;  PAMB,  ambient  pressure,  psia;  TAMB, 
ambient  temperature,  °R;  V19,  secondary  flow  velocity,  ft/sec;  XM,  flight 
Mach  nupber;  ALT,  altitude,  K ft.;  and  FAR,  fuel  air  ratio  at  the  exhaust 
exit  plane.  The  cycle  parameter  information  is  transmitted  to  the  basic 
PIREP  which  computes  the  preliminary  source  IR  numbers  and  l'eeds  the  results 
back  to  the  initiator  for  output.  The  parameter  END,  also  in  the  calling 
sequence,  determines  whether  or  not  the  program  proceeds  to  the  extended 
routines  for  additional  studies. 

PIREP  is  composed  of  three  main  sections:  (a)  fla  ic  PIREP,  (b)  Range 

Extension  (I),  and  (c)  Spectra  Extension  (II).  These  sections,  represen- 
ted in  the  flow  chart  of  Figure  1,  are  discussed  in  more  detail  below.  The 
Range  Extension  (I)  of  PIREP  facilitates  a quick  studv  of  lockon  ranges  for 
nominal  IR  seeking  missiles,  and  evaluation  of  candidate  IR  emission  manage- 
ment schemes.  The  Spectra  Extension  (II)  facilitates  spectral  analysis  for 
consideration  of  specific  missiles,  special  filters,  or  more  refined  IR 
emission  management  schemes.  It  is  envisioned  that  the  basic  PIREP  will 
eventually  be  an  integral  part  of  engine  performance  de<  ks,  but  the  two 
PIREP  extensions  will  continue  to  be  utilized  for  detailed  Independent 
design  analysis. 

B.  Basic  PIREP  with  Cycle  Deck 

The  Basic  PIREP  uses  less  than  IK  (octal)  storage.  It  computes  the 
preliminary  cycle  IR  numbers  for  pluinefPCIRl , PCIR2)  and  hot  parts  (CIR1, 
C1R2)  where  1 and  2 refer  to  the  wavelength  bands,  1 -2.7pm  and  3. 9-4, 8pm 
respectively.  These  are  representative  of  bands  for  not  parts  and  plume 
seeking  missiles.  The  hot  parts  numbers  are  the  source  radiations  near 
tail-on  to  the  aircraft  which  usually  are  the  maximum  hot-part  IR  emissions 
available  to  a missile.  The  plume  numbers  arc  source  radiations  normal  to 
the  exhaust  system  centerline  and  are  usually  the  maximum  plume  emissions 
available  to  a missile. 


2 


To  use  PIREP  in  an  engine  cycle  deck,  some  routine  of  the  deck  itself 
must  be  modi! led  to  "Call  1 DFP"  at  the  end  ui  each  cycle  point  evaluation. 
This  is  most  conveniently  added  in  the  output  or  print  routine.  In  addi- 
tion, a write  statement  and  format  statement  must  be  added  to  the  output 
routine  for  presenting  the  l’CIR  numbers.  The  specific  statements  to  be 
included  into  a cvcle  deck  are= 

CALL  P I RHP ( ARC  I ,ARG2 , ARG3.ARG4 ,ARG5, ARG6,*RG7, 

+ A RGB  , ARG9  , ARG 1 0 , C I R 1 ,CI  I??  , PCI  R I ,PCIR2,FNr>) 

WRI  Ti-(  6,  XXXX)  PC  I R 1 , PC  I R2 , C I R I ,CIR2 

XXXX  FORMAT ( //20X , I OH  I R 1 NDICfZSS// 

+ I5X.BHI .n-2.7,4X,7 H3.9-4.S// 

♦ 2X , 5HPHJMF , 2X , 2F 1 2 .0/ 

♦ 2X , 7HH0T  PTS.2FI2.0) 

where 

ARG1  = exhaust  total  temperature,  °R 
ARG2  “ turbine  discharge  temperature,  “R 
ARG3  “ exhaust  throat  area,  in^ 

ARG 4 - total  pressure  at  exhaust  exit,  psia 

ARG5  “ ambient  pressure,  psia 

ARG6  ■ ambient  temperature,  °R 

ARG7  ■ secondary  flow  velocity,  ft/sec. 

ARG8  * flight  Mach  number 
ARG9  « fuel-to-air  ratio 
ARG 10  - altitude,  K ft. 

If  basic  PIREP  only  is  being  used  ARG9  and  ARG10  are  not  used. 

C.  Basic  PIREP  with  Executor 

The  executor  routine  operates  in  two  modes: 

o Since  it  provides  cycle  data  input  directly,  it  mav  be  used  to  com- 
pute basic  cycle  IR  parameters  for  a number  of  cycles  in  sequence.  For 
this  purpose  the  parameter,  END,  need  not  be  supplied  initially  and 
the  program  will  keep  returning  for  additional  cycle  information 
until  END  as  input.  equal  to  —1. 

o END  must  be  set  equal  to  99  if  the  PIREP  extensions  are  to  he  used. 

END  *>  99  also  accesses  the  extension  routines  directly  from  the 
cycle  deck. 

The  basic  CIR  parameters  are  restricted  to  source  emissions  for  hot  parts 
near  tall-on  and  plume  at  90"  aspect  angle  for  two  specific  wavelength  banc's: 
1.8-2. 7pm  and  3. 9-4. 8pm 
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D. 


Range  Extension  I 


Extension  I is  restricted  to  the  same  two  wavelength  bands  mentioned 
above.  For  these  bands,  it  can  calculate  atmospheric  attenuated  radiation, 
the  effect  of  nozzle  shape  cn  plume  emissions,  simple  2-elemer.t  cooling  or 
coating  emissions  for  hot  parts  suppression,  and  lockon  ranges  for  typical 
missiles  in  both  wavelength  bands.  This  permits  limited  studies  for  the 
evaluation  of  suppression  concepts  applied  to  specific  engine  cycles  and 
for  comparison  of  vulnerability  envelopes. 

E.  Spectra  Extension  II 

Extension  11  provides  for  approximate  spectral  distribution  of  plume 
emissions  and  plumc/atmospher  io  transmissivities  and  for  evaluation  of 
a 6-element  nozzle  exhaust  system  with  centerbody.  It  also  enables  the 
user  to  evaluate  roughly  the  effects  of  partial  surface  coatings,  of  cool- 
ants, and  of  blockage  on  vulnerability  to  advanced  missile  threats. 


I 
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TTT . 


1 NPUT/OUTPUT 


A.  Discussion 


A fli’rlcR  of  seven  sample  problems  have  been  prepared  to  exercise  all 
of  the  options  available  in  basic  PIREP  and  its  extensions.  The  sample 
problems  are  grouped  according  to  the  PIREP  model  being  employed  and  in  a 
sequence  that  might  be  used  in  actual  practice.  The  completed  exercise 
involves: 

o Sample  1.  Comparison  of  two  different  engines  at  several  flight 
conditions . 


o Sample  2.  Evaluation  of  preliminary  signature  and  lock-on  for  one  engine 
and  one  flight  condition  (1-2). 

o Sample  3.  Evaluation  of  plume  suppressor  capabilities  with  special 
lockon  options  also  for  the  1-2  case. 

o Sample  4.  Preliminary  study  of  hot  parts  suppression. 

o Sample  5.  Evaluation  of  two  engine  configurations  for  the  1-2  case  of 
sample  1 with  different  cooling  and  coating  schemes. 

o Sample  6.  Study  of  spectral  TR  signature  and  lockon  for  the  1-2  case. 

o Sample  7.  t vain  * Inn  of  lockon  for  an  advanced  missile  including  air- 
frame emissions  external  to  the  exhaust  system. 

Each  of  these  exercises  lias  been  handled  as  If  it  were  part  of  a real 

problem  in  evaluation  of  engines  and  cycles  during  preliminary  design 


The  information  pertaining  to  each  operational  mode  of  PIREP  should 
be  thoroughly  digested  before  any  attempt  is  made  to  use  that  portion  of 
the  program  in  an  actual  situation. 

The  input  sheets  tc  be  used  with  PIREP  are  discussed  in  the  following 
section  prior  to  the  presentation  of  the  sample  problems. 

B • LlEHJ-i.  Sheets 

There  are  4 pages  of  input  for  i )e  with  PIREP.  The  input  parameters 
used  are  briefly  defined  on  each  page.  Namelist  input  is  used  throughout. 
A general  description  of  the  input  sheets  follows. 

1 . Executor  Input 

The  input  to  the  executor  routine  is  an  alternative  to  input  derived 
directly  from  i cycle  deck.  It  provides  the  pc'-.-  ■■  ■ry  engine  infor  nation 


b 


tu  define  the  engine  and  cycle  conditi ons  for  plume  and  hot  parts  IR 
source  missions  and  subsequent  studies  as  requested. 

2.  Title  - General  Information 

Two  lines  of  alphanumeric  title  Identity  the  case  being  analyzed.  Tills 
input  is  not  namelist  but  is  formatted  for  60  spaces  of  alphanumeric  charac- 
ters per  line. 

Observer  Location 


A parametric  study  of  observer  locations  indicated  by  ranges,  azimuth 
angles,  and  elevation  angles  may  be  specified. 

Plume  Suppress i on 

Plume  suppression  is  rest  tinted  to  nozzle  shape  and  engine  exhaust  gas 
variations.  Nozzle  shape  inv  tigations  consist  of  altering  the  exhaust, 
shape  from  round  to  rectangular  shapes  of  specified  aspect  ratios. 

3 . Mis s i le  Description 

Lockon  studies  may  be  performed  for  missiles  with  typical  characteris- 
tics or  for  missiles  with  characteristics  supplied  by  the  user.  In  addi- 
tion, spectral  outpt  t and  IR  emissions  in  specified  wavelength  bands  may 
be  obtained  without  request  inn  lockon  ranges. 

4 . Hot  Parts  Suppression 

Hot  parts  suppression  can  be  achieved  by  cooling,  coating  or  blockage. 
Simple  parametric  studies  involving  these  suppression  techniques  for  assy- 
metric  bodies  can  be  specified.  An  estimated  of  external  aircraft  surface 
area,  emlsslvity  and  temperature  can  also  be  supplied. 
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Page  1 


EXECUTOR  INPUT 
$ CYCLE 


r!> 

, T7  - , Ati  = , I’B 

■ 

PAMB  »■ 

, TAMB  - , XM  = , V19  = 

ALT  - 

, FAR  = , END  - , 

Mnemonic 

Description 

1') 

Turbine  Discharge  Temperature 

T7 

Exhaust  Exit  Temperature 

A8 

Throat  Area 

PAMB 

Ambient  pressure 

TAMB 

Ambient  temperature 

V19 

Secondary  flow  velocity 

XM 

Flight  Mach  number 

ALT 

Altitude 

FAR 

Fue!-alr  ratio  at  exit 

END 

Extension  Option 

# 9'>  calculate  PCIR  parameters  and  return 

- 99  calculate  PCIR  parameter*,  continue 
Into  extensions  and  stop 
m -i  atop  calculations  (tor  use  wiLh  executor 
routine  only' 


Uni  ts 
°K 
R 

in2 

psia 

’R 

ft/sec 
K feet 
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COLUMN  GENERAL  INPUT  FOR  EXTENSIONS 


Cxi 

0) 

00 

CTJ 

*4 


MISSILE  DESCRIPTION 


HOI  PARTS  MANAGEMENT  Page 


0) 

o 

CO 

4-t  0) 

M X 
3 4-1 
in 

o 

cO 

M 
O 


cO  04 


Cfl 


cO 

XJ 


<0 

X 'fe 

0)  04 


Pd 


Pd 


a 

•H 


4) 

4J 

4-1 

. 

kJ 

M 

41 

cn 

in 

-H 

u 

cfl 

H 

r-< 

3 

3 

u 

00 

4) 

cO 

>, 

cO 

•H 

cy 

u 

g § 

>> 

.q 

1-1 

.q 

u 

cn 

Ou 

u> 

3 

4-1 

<0 

X 

to 

$ 

Ti 

cn 

3 

4-1 

•H 

0) 

TJ 

44 

X* 

3 

3 

fTj 

CO 

4J 

CO 

q 

<0 

05 

a 

■s 

4-1 

O 

■H 

4-1 

3 

4-J 

3 

X\ 

c 

W 

XI 

•H 

01 

4) 

in 

o 

0 

0 

o 

X 

0 

o 

4> 

> 

a 

a 

w 

c 

u 

a) 

t 0 

0) 

w 

a 

H 

m 

V) 

o 

■M 

H 

QJ 

k* 

4-4 

X3 

<0 

44 

s 

44 

w 

04 

M 

•rH 

4-4 

3 

3 

±j 

O 

44 

M 

04 

4-1 

44 

U 

04 

U 

O 

J 

M 

A-» 

•H 

u 

xz 

a 

4-4 

CO 

q 

P- 

3 

<0 

O 

<0 

> 

c 

<0 

u 

44 

04 

C 

3 

a 

3 

U 

00 

u 

4-1 

1-4 

•H 

o 

•H 

CO 

O 

O 

•H 

C 

■H 

■rH 

U 

41 

tH 

V 

0> 

4) 

cn 

■r4 

U 

44 

«0 

cO 

XJ 

TJ 

o 

U-i 

a* 

CO  r— 4 

O. 

cn 

4-1 

O 

‘4-1 

4-1 

> 

> 

CO 

1 

a 

a 

Q>  PC 

a 

•H 

U 

0) 

U 

M 

O 

o 

O 

o 

44 

3 

o 

» 

M c 

3 

e 

o 

0) 

o 

3 

O 

fH 

O 

Q 

z 

o 

M 

< nj 

M 

w 

&4 

cO 

4-1 

c/> 

V5 

o 

4-1 

O 

4-1 

Surfaces  and  temperatures  must  oe  input  in  order  of  outer  flow  boundary  from  turbine  to  exit  plane; 
then  inner  flow  boundary  from  turbine  to  end  cf  centerbody.  A maximum  of  six  surfaces  may  be 
specified.  One  additional  temperature  may  be  input  to  represent  the  turbine  if  different  from  T5 
input  on  page  1. 


I V . S AMP  1 , K r ROBLEMS 

A.  TEST  PROBLEM  l - Eng  Inc- /Cycle  Comjjar  I sons  (EXECUTOR  ONLY) 

Objective':  To  compare  the  IR  emissions  from  a mixed  i low  engine  to  a 

separated  flow  engine  at  3 flight  conditions:  sea  level  static;  sec  level, 

and  M=  2 at  50K  feel  altitude. 

J.  Discussion  of Input  - For  this  study,  it  is  assumed  that  both 

engines  have  been  sized  to  give  the  same  thrust  at  sea  level  static  condi- 
tion. The  cycle  data  Is  available  from  independent  sources  and  presented 
in  Table  1.  Use  will  be  made  of  the  executor  routine  and  the  basic  PIREP 
routine  only.  Input  cards  are  listed  in  the  Table  II. 

2.  Input  Instructions  - (for  card  listing  see  Figure  2 ) 

a.  Executor:  Cycle  values  are  input  for  all  parameters  for  each 

eng  ine/ f light  condition  being  evaluated. 

b.  General  Input:  Not  applicable 

c.  Micas  ile  Descr  Ipt  Ion:  Not  applicable 

d.  Hot  Parts  Suppression:  Not  applicable 

3.  Descript  ion  of  Output : The  PIREP  printout  is  presented  in  Appen- 

dix A-I.  There  is  one  set  of  output  lor  each  case  submitted.  The 

output  consists  of  a tabulation  of  the  input  quantities  and  the  1R  indices. 
These  numbers  estimate  peak  source  radiation  in  the  I.H-2.?pm  and  3.9-4.f>pm 
bands  for  plume  and  hot  parts. 

4.  Discussion  of  Results:  The  results  nf  Test  Problem  1 are  summari- 

zed In  Table  1. 

As  expected  engine  I with  a mixed  flow  cycle  exhibits  higher  hot  parts 
emissions  (because  the  exhaust  area  it;  larger)  t>v,t  lower  plume  emissions 
(because  the  exhaust  gas  mixed  temperature  is  lower).  Tills  comparison  is 
true  here  tor  both  wavelength  bands  ami  lor  all  three  flight  conditions. 

For  our  sample  problem,  it  will  be  easier  to  suppress  hot  parts  than 
plume  and  engine  I Ib  therefore  selected  for  further  studies.  In  addition, 
condition  2 w 1 1 1 lie  selected  lor  fort  hi*  r Studies  been  use  It  Is  more-  repre- 
sentative of  the  lineal  environment.  (These  me  aibic.aiy  decisions  for  om 
unmple  problems;  a dlfieren.  selection  might  be  made  for  a different 
application . ) 
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SCYCLL 

15=1  993  , T7= ! 4 I b , A8=5  I 1 . 3 , PH=43  . 53  , 
PAMH=  14  .(  ,TAMH=53  0,  XM=0  , V I 9=0, 
AI.T=l),f- AH  = .0|  26$ 

SCYCJ.I: 

i '>  =2008  ,T7= I 3 Hd , A8=534. 6,  P8=56. 82! , 
>'A,.IH=  14.  / ,TAMB=520,  XM=1  . ,Vl  9=0, 
ALl=0,FAR=.OI 0b$ 

S CYCLE 


J I , 17=1402,  A8=  52  9.8,P8=P0. 64, 
PAMB= ! . 6HJ , TAMB=300,XM=2 . , V 1 9=0. 

At  T=b0,  FAR=  . 0099$ 


$CYCLE 

}'-y:  1 "2 ,17=1992,  A8=32 O.  7, P8=42. 69 6 
1 AMB= ! 4. 7 , TAMB=520, XM=0, V I 9= I 540. 7 
AL 1=0, FAW=. 0252$ 


$ CYCLE 

15=2008, T7=200d,A8=3l 1.9,98=55.36, 
PAMB= 1 4. / , 1 AMB=b20, XM=1 ,V)9=lU05.7. 
ALT=0 , F AH=. 02  4 3$ 


SCYCLE 

Vl^iUV  ’T7=203!  .Aa-^98.  I , P8=  I 9.  77 , 
PAMB= I .682,TAMd=J80,XM=2, VI 9=2353. 1 
ALT=0 , FAH= . 02  356$ 


r 


I $cycle  END=— | $ 

Figure  2.  Listing  of  Input  Cards  for  Tost  Problem  1 
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Table  1.  Cycle  Data  Input  and  Peak  LR  Emissions  Output  for  Problem  1. 


lngu t_Cund_it  io  ns 


. 

ENGINE  1 

EMC. INK  2 

Condition 

1 

2 

3 

1 

2 

3 

T/ 

14  IS 

1368.3 

1401.8 

1992 

2008.1 

2031 .4 

T5 

199  2 

2003.1 

2031.4 

1992. 

2008.  1 

2031  .4 

T.imb 

520. 

520. 

380. 

520. 

579. 

380. 

i>8 

42.53 

56.82 

20.64 

42.696 

55.36 

1.9.774 

Pamb 

1 4 . V 

14.7 

1 .682 

14.7 

14.7 

1.682 

AS 

51  i . 3 

5 14 . 59 

579.8 

170.7 

311.9 

298.1 

Xfl 

0 

1 .0 

2.0 

0 

1 .0 

2.0 

VI9 

n 

0 

- 

1540. 7 

1805.7 

2353.1 

VAR 

.01  2( 

.01080 

.0099 

.0252 

.024  3 

.02356 

ALT 

0 

0 

50 

0 

0 

50 

RESULTS 

PC  1 R 1 

25. 

17. 

1 .0 

205 

241 

17 

PC1R2 

362 

349 

10  7 

1028 

14  10 

671 

Cl  Hi 

lb  16 

2010 

212  7 

1131 

1171 

1 19  7 

CIK2 

1211 

129  8 

1 134 

7 59 

7 37 

730 

H.  TEST  PROBLEM  II:  Signature  and  Loekon  (Extension  1) 

Ob  j active : Tu  determine  Lhe  IR  signature  and  iockon  ranges  for  engine 

I at  condition  2. 

I.  Discussion  of  Input:  The  IR  characteristics  for  cycle  1-2  will  be 

evaluated  f or  "aspect  angles  0,  TO,  60,  90,  130  and  170  degrees  at  ranges  of 
0,  5000,  50,000,  and  100,000  feet  at  zero  elevation  only  (horizontal  to  the 
aircraft).  Aspect  angles  are  relative  to  the  exhaust  system  centerline 
with  tail-On  equal  Lo  zero  degrees. 

2.  input  Instructions:  (For  card  listing.  See  Figure  3 ) 

a.  Executor:  Cycle  values  are  input  for  selected  engine/ f light  con- 

ditions (1-2).  END  is  set  to  99  to  signal  extension  calculations. 

b.  General  input: 

Specify  (1)  2 lines  of  title 

(2)  aspect  angles  (ASP) 

(3)  range  (HANG FI 
T1ITA,  ASPI  not  applicabl 

c.  Missile  Description:  Set  NI.OCK-2  to  signal  lockon  calculation 

using  Internally  supplied  missile  characteristics. 

No  other  Input  applicable. 

d.  Hot  Parts  Suppression:  Use  NE-1  one  engine  only.  Use  basic  unsup- 

pressed engine  assumptions.  No  additional  input  needed. 


SCYCLE 

T5-200fc),T7-  l3Ut3,A8-534.6,l,8=56.U2  , 
PAMB= 14.7  ,TAMB*520, VI 9=0, XM= 1 , ALT=U , 
] FAR=.0I0B,FND=99$ 

PIREP  TEST  PROBLEM  2 
SIGNATURE  A NO  LUCK1JN 

sinpu  r 

ASP=0, 30,  AO, 90,  I 30,  170, 

RANGb=0, 5000, 50000, 100000, 

N LOCK. “2 ; NE=  ! S 

sengine’s 

Figure  3:  Listing  uf  Input  Cards  for  Test  Problem  2. 
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3 . Description  of  Output. 

Page  - Cycle  input  and  PCIR  numbers,  as  described  in  the  Test  Problem 
1 are  given  in  addition  to  the  following  missile  characteristics: 

(1)  The  missile  number  for  later  reference 

(2)  The  wavelength  band  associated  with  the  missile  (microns) 

(3)  The  sensitivity  of  the  missile,  over  the  entire  band.  This  is 
dimensionless  number  relating  to  the  degradation  of  the  signal 
near  the  perimeter.  There  is  a spectral  sensitivity  associa- 
ted with  each  missile  which  is  accounted  for  in  this  program 
by  cutting  off  the  wavelength  bands  at  the  50%  sensitivity. 

(4)  NEI  is  the  noise  equivalent  Input  of  the  missile  internal 
system  (watts/cm^) 

(5)  S/N  is  the  ratio  of  the  signal-to-noise  necessary  to  achieve 
lockon  for  the  given  missile. 

Page  - The  input  values  pertaining  to  the  case  being  calculated  are 
listed . 

Page  - Exhaust  hot  parts  output  Includes: 

(1)  The  projected  areas  for  each  node  at  each  aspect  angle.  Kor 
the  simplest  case  there  is  one  node  at  exhaust  exit  tempera- 
ture and  area. 

(2)  The  total  emissions  for  each  aspect  angle  and  wavelength  band 
are  listed.  The  plume  and  hot  parts  IR  totals  are  given  for 
each  wavelength  band 

Pages  - Input  values  and  output  totals  for  both  cases. 

Page  - 

Lockon  range  in  feet  for  each  missile,  each  angle. 

4.  Discussion  of  Results:  A summary  of  the  results  of  the  output  for 

problem  II  arc  presented  i:  Table  2.  The  major  areas  of  vulnerabiiity  arc 
plume  emissions  near  broadside  i1  lie  3. 9-4. 8 m band  and  hot  parts  emissions 
from  tail-on  to  broadside,  in  botn  uands  a;;  expected. 

Suppression  studies  will  be  conducted  for  the  plume  hy  using  recta1  gu— 
lar  shaped  nozzles  for  hot  parts  by  using  coating,  cooling  and  shielding 
schemes . 
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C . TEST  PROBLEM  II I - Plume  Suppr r r lion 


Objective : To  determine  the  effect  of  nozzle  shaping  on  the  plume 

emissions  for  engine/cycle  1-2. 

1.  Discussion  of  Input  - For  the  engine  cycle  1-2,  aspect  ratios  of  4 
to  10  are  compared  to  the  round  Jet  (aspect  ratio  = 1)  for  3 elevation 
angles  (0,  45 , 90)  and  2 ranges  (0,  50K  feet).  For  this  study,  use  only  the 
90°  aspect  angle  where  peak  plume  emissions  occur. 

To  exercise  the  options,  the  lockon  ranges  will  be  evaluated  for  modi- 
fied less  sensitive  missile  characteristics  in  the  basic  bands  with  charac- 
teristics specified  in  Table  3. 


Table  3.  Modified  Missile  Characteristics 


Wavelength  Hand 

Band  Sensitivity 

NEI 

1 

S/N 

1.8-2. 7 

.5 

3 x 10-9 

4 

3. 9-4. 8 

.7 

8 x 10"10 

1.0 

2.  Input  Instructions  (For  card  listing  see  figure  4) 

a.  Executor:  same  as  in  Test  Problem  II 

b . c.r  neral  input 


Specify; 


(1)  2 lines  of  title 

(2)  aspect  angle  (ASP) 

(3)  range  (RANGE) 

(4)  Elevation  angle  (THTA) 

(5)  Aspect  Ratio  (ASPI) 


c . I issi le_De s cription 

Spec  t *'y ; SN,  MET  , t'.SN'-’  and  NIjftCK  - ’> 


d . Hot  PartB  Suppression 
Same  as  Test  Problem  II 
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SCYCLE 

15=2008, T7=  I 38t) , A8-534.  6,  P8-56. 82  t 
FAMB= 14.7 ,TAMB“520, VI 9=0, XM=  I , 
ALT“U ,FAR=. 01 08,END=99S 

PIREP  TEST  PROBLEM  3 
PLUME  SUPPRESSION 

$ INPUT 
ASP=VO, 

RANGE =0,5 0000, 

THTA=0,45,90, 

ASP  1=1,4, 10, 

NE=I,NL0CK“2, 

SN=4, I ,BSNS«.5,.7, 
NEI=3.E-I0,8.E-I0$ 

§ ENGINE  S 


Figure  Listing  of  Input  Cards  for  Test  Problem  3 


Description  of  Output  (Appendix  A-ilL) 

The  output  is  similar  to  that  of  test  problem  II  except  that  the  missile 
characteristics  on  page  one  conform  now  to  the  input  values  and  since  all 
cases  were  at  90°  -spect,  there  is  not  hot  parts  output. 

Discussion  of  Results 

he  plume  suppression  results  are  summarized  in  Table  4.  The  lockon 
i f <r  the  plume  seeking  missile  has  been  decreased  from  12. 4K  feet  to 

8-i  . fo.et  for  tne  broadside  view  (0"0°)  and  to  5.9  K feet  for  the  narrow 
sic  view  (0*90°)  at  an  aspect  ratio  of  10.  This  is  an  86%  reduction  of 
p.  . - 'it.  uions  viewed  from  the  broadside  and  a 97%  reduction  viewed  from 
tl.  arrow  side.  One  must  conclude  that  significant  plume  IR  reductions  can 
f ved  with  nozzle  shaping.  However,  the  lessened  vulnerability  is  not 

wilt  it  cost.  Part  ■ i the  reduction  is  caused  by  increased  mixing  in  the 
fiowfleld  Induced  by  eddies  off  the  corners  oT  the  re.  tangular  exhausts, 
which  increase  drag  and  decrease  performance.  Also,  a rectangular  nozzle 
is  heavier  than  an  equivalent  round  nozzle.  The  advantages  must,  therefore, 
be  weighed  against  the  disadvantages  for  a given  miss  ion/ threat  environment. 
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TEST  PROBLEM  IV  - Hot  Parts  Suppression  I 

Ubj active:  To  make  a quick  study  of  potential  for  suppress  ion  by 

cooling  of  hot  parts. 

1.  Input  Discussions:  The  nominal  Lemperature  for  hot  parts  was 

2008°R,  the  exhaust  exit  total  temperature.  For  this  study  assume  cooling 
of  hot  parts  can  be  achieved  such  that 

a)  1/4  the  area  Is  cooled  to  1500°R 

b)  1/2  the  area  is  cooled  to  1500^ 

c)  all  the  area  is  cooled  to  1500“R 

The  emissions  are  evaluated  for  0°  and  30°  only  at  ranges  of  0 and  50K 
feet.  No  lockon  is  calculated. 

2.  Input  instructions:  (For  card  listing  see  Figure  5) 

a)  Executor  - Same  as  test:  problem  II 

b)  General  Input 

Specify  (1)  2 lines  of  title 

(2)  aspect  angles 

(3)  ranges 

no  other  input  is  applicable. 

c ) Missile  Description 
No  Input  applicable 

d)  Hot_Parts  Suppress  ion : Number  of  exhaust  systems  being 

studied  is  3. 

For  each  case,  surface  temperatures  are  2008°R  and  1500,'R. 

The  emiss ivit ies  are  assumed  to  equal  1.  The  portions  of  the  sur- 
face associated  with  temperature  1,  20()B°R,  and  .75,  .5  and  0,  res- 
pect lvely . 

No  other  input  is  applicable 

NOTE:  A separate  $ENG1NE  namelist  must  be  supplied  for  each  variation  of 

exhaust  system. 


3*  Description  of  Output:  The  description  of  output  for  tills  problem 

is  Identical  to  that  for  problem  II  except  for  the  exhaust,  hot  parts  output. 
^ete,  since  two  nodes  (or  areas)  are  involved,  the  output  has  been  separated 
so  that  the  emissions  from  each  node  esh  be  studied  separately^  Column 
headings  are  not  particularly  meaningful  for  this  problem  and  so  will  he 
discussed  fully  under  TEST  PROBLEM  V. 
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h . Discussion  of  Results:  The  results  oi  this  study  are  sum- 
marized in  Table  5.  A signif leant  reduction  in  hot  parts  IR  emissions 
('v85%)  will  be  achieved  li  the  source  temperature  can  be  reduced  to 
1500“R.  Even  this  much  reduction  will  not  be  sufficient  to  achieve  a 
desirable  degree  of  invulnerability.  A more  detailed  study  is  neces- 
sary to  discover  whether  a realistic  level  can  be  achieved. 


$ CYCLE 

15-2008,T7-l3d8,A8«534.6,P8-56.82, 
PAM6-  14.7 , TAMB-5  I 9,  VI9-0.XM-I  , 

P 8-56. 82, 

ALT-0,FAR-. 0 1 08 , END-995 

PI  RHP  THST  PROBLEM  4 
HOT  PARTS  SUPPRESSION  I 

$ INPUT 
ASP-0,30, 

RANGE-0, 5 0000 , 

NE-3S 
$ ENGINE 
TH* 1500,2008, 

EMS= I , I , 

X I -.25 , .25$ 

S ENGINE 

TW« 1 500,2008, 

XI-.5, .5$ 

SENGINE 

TW- 1500,  X!- I,i$ 

Figure  5:  Listing  of  Input  Cards  for  Test  Problem  4 


TEST  _i’ROUU>I  V - Hot  Parts  Suppression  II 

Oblect  ive:  To  study  in  detail  suppression  concepts  for  engine  con- 

figurations having  ttie  same  cycle  conditions. 

).  Discussion  of Input : Two  candidate  configurations  will  be 

evaluated  in  both  unsuppressed  and  suppressed  modes.  Schematics  of  the 
basic  configurations  are  shown  in  Figure  . Each  is  the  same  length, 
turbine  area,  throat  area,  and  exit  area.  Configuration  B has  a plug 
centerbody  to  hide,  t tie  hot  turbine  emissions. 

The  study  suppressed  configurations  will  follow  the  schedule  of 
Table  6.  Cooling  of  a surface  Is  assumed  when  the  temperature  is  lowered; 
coating  of  the  surface  Is  assumed  when  the  emissivlty  is  changed. 

Configuration  A-0  is  a schematic  representat ion  of  the  baseline 
unsuppressed  exhaust  system.  The  visible  Interior  surfaces  are  at  2008' K 
(EOT),  tlie  nuzzle  flap  is  cooled  to  1388°R  and  the  turbine  runs  abouL  5% 
higher  at  turbine  discharge  temperature,  TDT  * 2108°R.  The  surface 
emisslvltles  are  given  nominal  values  (.65)  which  is  in  the  normal  range 
for  exhaust  system  app I i cat i ons  . The  system  is  represented  hy  five 
8ur  f aces : 

(1)  the  upstream  center  exhaust  flowpath  boundary 

(2)  the  down  tream  outer  exhaust  flow  boundary  surface 

(3)  the  nozzle  flap 

(4)  tiie  centerbody 

(5)  the  turbine  exit  plane 


Configuration  15-0  is  a schematic  of  a plug  nozzle  configuration 
with  tiie  same  A8  and  AS.  Tile  purpose  of  the  plug  Is  to  hide  the  hot  parts 
of  tiie  inner  exhaust  system  from  view.  Some  plug  configurations  extend 
beyond  the  exit  plane  and  provide  additional  hot  parts  emissions  from  side 
aspects.  Tills  is  not  a large  factor  in  our  problem  because  the  plug 
ends  at  the  exhaust  plane  and  at  the  off  tall— on  angles.  The  aerodynamics 
associated  with  tills  particular  configuration  would  he  so  bad  as  to  pro- 
hibit Its  use  but  for  IR  considerations  only;  it  is  representative  of 
a real  solution.  t.onf iguratlon  B is  also  cooled  and  coated  according  to 
the  schedule  in  Table  VI.  There  are  6 surfaces  to  ionsider  In  this 
system: 

(1)  Internal  exhaust  surface 

(2)  nozzle  flap 

(3  4 4)  internal  centerbody  surface 

(5)  visible  centerbody  surface 

(6)  turbine  exit  plane 
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Configuration  H 

i 


F igure 


6. 


Si:  linn  itirs  of  Basic  Exhaust  Con  f i gural  Ions  . 


Table  6.  Schedule  for  Surface  Temperatures  and  Emlssivlties  for  Suppressed 
Exhaust  Configurations 


Temperature  (°R)/Emis8lvity 


Surface 

No. 

1 

2 

3 

4 

5 

i 

1 A - 0 

2008/. 6 5 
1388/. 63 
1388/. 63 
2008/. 63 
2108/1.0 

A-l 

--  , 

A-2 

• — - 

I ' 

1 

A-  3 

| | 

— — - 

1100/. 65 

1 100/. 65 

1100/. 65 
1100/. 95  ; 

i 1 

1 

| B - 0 

B-  1 

B-2 

B-3 

1 

2008/. 65 

- - 

| ■ - - i 

2 

3-4 

3 

, 1388/. 65 
1 2008/. 65 
! 2008/. 65 

- — *• 

1 100/ . 65 

11 00/. 65 

..  -*M 

. . V 

I 1100/. 95 
1100/. 95 

6 

i 

2108/. 65 

„ 

1 

1 ^ 

.1 
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2.  Input  Instruction:;  (For  card  Hating  uce  Figure  7) 

a . Executor 

Same  an  Test  Problem  JJ 

b.  General  Input 

Same  as  Test  Problem  IV 

c . Mis s lie  De s c rlptlons 

Not  Input  appllabie 

d.  ilot  Parts  Suppress  Ion 

The  number  of  exhaust  systems  to  be  studied  is  8. 

For  each  configuration  specify: 

(1)  The  X-Y  coordinates  of  the  outer  flowpath  surface  from  the  turbine 
exit  plane  to  the  exhaust  plane.  (XI,  Yl) 

(2)  The  X-Y  coordinates  of  the  centerbody  from  the  turbine  exit  plane 
to  the  end  of  the  centerbody.  (XC , YC) 

The  nodes  supplied  In  this  manner  will  be  numbered  Internally  In 
sequence.  An  additional  node  will  be  added  to  represent  the  turbine  exit 
plane.  Temperatures  (Tw)  and  emlssivtlles  (EMS)  must  be  supplied  for  each 
of  these  nodes. 

The  $ENG1NE  namelist  must  be  used  8 times  (once  for  each  configuration) 
and  all  the  input  must  be  supplied  in  full  each  t ime. 

No  other  Input  applies. 

1.  Description  of  Output:  The  description  of  output  for  this  problem 

Is  the  same  as  that  of  problem  11  except  'or  the  exhaust  hot  parts  output. 

For  this  case  the  coordinates  of  th<  exhaust  surface  and  the  center- 
body  are  printed  out.  The  internal  view  factors  calculated  by  the  system 
ai e given  for  each  node  along  with  the  area.  One  additional  node  represen- 
ting the  nozzle  exit  plane  is  printed  out  for  completeness.  The  total  of 
all  the  viewfactors  for  a node  should  equal  one.  The  percent  error  1h  an 
Indication  of  the  accuracy  of  the  calculation.  The  temperatures  and 
visible  projected  areas  are  printed  fer  each  aspect  angle  specified  in 
the  Input.  In  addition  to  the  total  hot  pai ts  emissions,  a breakdown  of 
the  emissions  by  node  ts  printed  for  each  aspect  angle  and  wavelength  band. 

This  Is  provided  by  giving 

(a)  the  direct  emissions  from  each  node  that  are  visible  to  the 
observer 
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$ CYCLE 

1 5=2 008  , T7»  I ? m . A8-5’-?.*,  P; j 56 . 06  , 

PAMB=I4.7,TA«B-5I9,VI9*0,XM-I  , 

P 8=56. #2 , 

ALT-0, F AW= .0108, LND=99$ 

PI  REP  Tfc'5T  PROBLEM  5 
HOT  PARTS  UPPRESSIGN  II 


' $ INPUT 

i ASP-0,30, 
j RANGE =0,5 0000, 

NE-8S 

5ENGINE 

1W-2008, 1388,  ! 388,2008, 2108, 
EMS= . 65 , . 65 , . 65 , . 65 , I , 

X 1*0,30,50,70, 

Y 1 =20, 20, I 3.05, 14.6,. 

XOG,  10, 

Y(> 10,0$ 

$ ENGINE' 

TW-2008, 1388, 1388, 1 100,2108, 
i X 1=0, 30,50,70, 

I Y I =20 ,20, 1 .3 .05,  14.6, 

XOO,  10, 

YO 10,0$ 

S ENGINE 

I W- 2 008, 1388, I 100, I 100,2108, 
EMS- . 65 , . 65 , . 65 , . 65 , I , 

X 1-0,30,50,70, 

Y!=20, 20, 13.05, 14.6, 

XOO, 10, 

YOIO.OS 
5 ENG INE 

TW-2008, 1388, I 100,1 100,2(08. 
EMS- . 65 , . 65 , . 95 , . 95 , I , 

X 1*0, 30, 50,70, 

Y I =20, 20, 13.05,  14.6, 

XOO,  10, 

YO  10,0$ 


S ENGINE 

TW=2  >08, I 3*8, 2008, 200*, 2008, 2 108, 
EMS-  j * . 65 , I , 

X 1=0,50, 70, 

YI=20,23.», 14.6, 

XOO,  30,  50,  ?U, 

YO  10 , 10,20,0, 

$ 

$ ENGINE 

TW-2008, I 388,2008,2008,  I 30,2  108, 
EM5=5* . 6b , I , 

X 1=0,50,70, 

.1-20,23.8, 14.0, 

XOO,  30, 50, 70, 

YOIO,  10,20,0, 

S 

SENGINE 

TW-2008,  • 100,2008,2008.  I I 00,2 !08, 
EMS=5*.65 , I , 

X 1=0,50, /0, 

Y 1=20,23.8, 14.6, 

XOO,  30, 50, 70, 

YOIO,  10,20,0, 

s 

SENGINE 

TW-2008,  1 100,2008,2008,  I 100,2 108, 
EMS- . 65 , . 95 , . 65 , . 65 , . 95 , I , 

XI -8,50,70, 

YI-20,23. 8,14.6, 

XC-*, 30,50,70, 

YOIO,  10,20,0, 

$ 


Figure 


Listing  of  1 nput  Card::  for  Test  Problem  r) . 


(b)  the  reflected  emissions  from  each  node  that  are  visible 

(c)  the  total  visible  emissions  from  eaeli  node  and 

(d)  the  cumulative  emissions  which  is  the  emissions  initiated  from 
the  node  and  reaching  the  observer  either  directly  or  via 
reflections  off  other  nodes  Is  also  Riven  for  each  node. 

The  cumulative  emissions  will  be  reduced  directly  with  t he  cooling  of 
the  given  node.  The  reflections  will  be  reduced  by  Increasing  the  emis- 
slvlty  of  the  node  although  the  direct  omissions  will  be  simultaneously 
Increased . 

Consider,  for  example,  the  output  for  case  L reproduced  In  Table  2 
for  an  aspect  angle  of  0"  and  wavelength  band  1.8-2. 7.  Although  node  1 
is  not  vlstbLe  (area  - 0)  the  emissions  from  node  1 escaping  to  the  obers- 
ver  Is  289  watts/steradian.  If  this  were  the  only  emission  to  be  con- 
sidered, one  might  reduce  the  temperature  of  the  node  i or  Increase  the 
emissivity  of  the  node  4 to  eliminate  the  source  of  emissions. 

U . Discussion  of  Results:  A summary  of  the  emissions  for  the  various 

configurations  Is  presented  in  Table  5,  page  21. 

The  detailed  output  from  Configuration  A- I wh I ch  corresponds  to  the 
base  case  is  somewhat  higher  at  i ail-on  (0°  aspect)  than  the  I’CIK  pre- 
dictions because  the  hotter  turbine  is  directly  visible  and  this  is  not 
usually  the  case.  At  10°  aspect  the  nozzle  flaps  have  already  been  cooled 
to  1.18B°R  so  the  emissions  are  Less  than  those  obtained  from  the  PCIR  num- 
bers. liacii  change  In  configuration  A reduced  the  emissions  but  the  resulLs 
were  still  too  high. 

Configuration  H is  especially  effective  at  tail-on  because  the  turbine 
and  hot  surfaces  are  completely  hidden  from  view  by  the  colder  plug 
surface.  Reflections  keep  the  10°  aspect  from  being  reduced  quiLe  ns 
effectively,  but  there  Is  a definite  Improvement. 

Cont iguration  U-2  is  selected  for  more  detailed  evaluation. 
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TKST  PROBLEM  _h  - Spectral  Slgnatur.-s  and  Loekon 

Objective:  To  determine  the  spectra]  plume  signature,  the  effect  of 

plume  at  tenn.it  Ion  on  the  hot  parts  emissions  and  to  reassess  loekon  range . 

1,  liiput  Discussion:  A specific  engine  configuration  has  been  selec- 
ted. It  is  now  worthwhile  to  examine  it  in  some  detail  and  estimate  the 
reduced  vulnerability  hy  looking  at  the  loekon  ranges  and  comparing  these 
wiLh  the  Initial  unsuppressed  configuration  results.  Since  our  final  model 
is  only  hot  parts  suppressed,  aspect  angles  of  0°,  JO1'  and  f>0°  only  will  he 
evaluated.  Ranges  oi  ‘>K  and  SOK  should  adequately  bracket  the  loekon 
range  for  this  case. 

2.  Input  i nst rue t ions:  (For  card  listing  see  Figure  8) 

a.  Executor  same  as  problems  2 through  '> 

b.  General  input 

Specify:  1 1 ) 2 lines  of  title 

(2)  aspect  angles  (ASP)  (degrees) 

(3)  ranges  (ft) 

TIITA  and  ASP  I not  applicable 


SCYCLE 

T5-2Q08, T7« I J8b , A8»BJ4. 6, Pfl=S6. 82 , 

PAMti-l4.Y , TAMB=S19,V1  9«0,XM=I  , 

P8-S6.82, 

ALT=0 , E AR= . 0 1 Oti , E ND=>  99$ 

PIREP  TEST  PROBLEM  A 
SPECTRAL  SIGNATURE  AND  LOCK ON 

S INPUT 

ASP-0,.10,60, 

RANGE  = S0U(>,  SOOOO, 

SPEC3 I ,NLUCK«2, 

NE=  I S 
SENGINl 

1 W=2008 , I I 00, 2009,2008,  1100,2 108, 

EMS=S*.6b , I , 

X I -0 , 50 , 7 0 , 

Y I =20,23.8 , 14,6, 

XOO,  20.. 0, 70, 

YC* 1 0, 10,20,0, 

$ 


l.isting  ol  input  Cards  for  Test  Problem  h 


Figure  II. 


c . Mis si le  Description 

NLOCK  1 2 to  specify  lockon  calculatio  s 
SPEC  * Co  print  spectral  plume  emissions 

d . H ot  Part s Suppr ess  ion 

Select  engine  configuration  B-2  from  previous  case. 


3 . Description  ot  Output (Appendix  A--V  1 ) : 

l’age  1 - A table  defining  the  atmospheric  conditions  through  whicn  the 
plume  and  atmosphere  is  attenuated  has  been  added  to  the  output.  Otherwise 
it  is  identical  to  previous  cases. 

Page 3 - Irradiance  and  plumc/atmosphere  transmissivity  is  output  as 

a function  of  wavelength.  Note  the  ”1'lue  spike"  CC>2  peak  of  9.9676  watts/ 
ster/micron  at.  4 . 8p  and  the  water  vapor  band  from  2.08-2  4pm  and  the  CO? 
band  from  4 . 19-4 . 376pm. 

4.  Discuss i if  Results:  A comparison  of  the  lockon  ranges  for  the 

unsuppressed  engine  configurations  is  given  in  Table  1 . The  lockon 
envelopes  have  been  reduced  to  less  than  4 the  former  range  in  most  cases. 
Nevertheless  the  attempt  at  invulnerability  has  probably  been  successful. 
The  minimum  luckon  range  is  about  1 mile  and  he  maximum  is  10  miles.  To 
accurately  assess  the  missile  capability,  an  analysis  needs  to  make  a 
much  more  elaborate  study  including  the  kinematic  boundaries  and  tracking 
rates  of  the  missile. 


Table  7:  Comparison  of  Lockon  Ranges  for  Suppressed  and  Unsuppressed 


Conf igur 

it  i ons 

Test  Problem  2 

Test  Problem  6 

Unsuppressed 

Suppressed 

Missile  Niuubers 

1 

2 

1 

2 

A Rncrt  ^ngl  p 

0 

30 . 5 

lib. 2 

8.2 

39.5 

30 

. 23.7 

; 1 i ■> 

XL  1 • J 

in  r 
LO  ► J 

56 . 4 

60 

22.7 

86.9 

l/'l 

O' 

i 

34.6 
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The  design  engineer  will  normally  have  no  use  for  the  radiation 
spectral  distributions.  However,  if  they  are  desired  they  can  be  obtained. 

The  spectral  distributions  of  plume  emissions  printed  for  60°  at  the 
two  ranges  has  been  plotted  in  Figure  9 . These  results  are  not  untypical 
of  plume  emissions.  The  COj  (3 .9-4 . 811m)  emissions  are  completely  absor- 
bed in  the  band  center  leaving  emissions  >n  the  wings  only.  The  4.18pm 
wing  is  commonly  referred  to  as  the  blue  spike  and  the  4. 4-4. 8pm  wing,  as 
the  red  spike.  C02  emissions  are  normally  much  higher  than  water  vapor 
emissions  because  of  absorption  in  the  atmosphere.  The  area  between  the 
solid  line  and  the  dashed  line  represents  the  amount  of  absorption  between 
5K  3nd  50K  feet. 
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T E j T PROBLEM  7 


MissiLe  Specifications  with  Airframe  Emissions 


Object  lye : To  Hetcriiiinc  the  lockon  range  ol  an  installed  engine  tor 

advanced  missile  threats. 


1.  Input  Discuss  ion:  As  p 1 ume/exhaus.  system  signatures  are  more  and 

more  suppressed,  the  airframe  itself  or  heated  surface  on  the  airframe  may 
become  a significant  eontrihuLor  to  the  IR,  especially  at  nose-on  aspects. 
For  this  problem,  a surface  has  been  heated  to  1 900 "R  and  Is  observable  at 
all  aspect  angles.  The  specific  areas  to  he  entered  are  430,  300,  and  210 
at  angles  of  0,  30  and  170°  respect lvely . 


A specific  missile  of  the  future  will  probably  not  have  aa  broad  a 
wavelength  band  as  those  built  Into  P1REP.  A specific  missile  might  be 
sensitive  to  radiation  from  the  blue  spike  (/* . 1 7-4 . 25pm)  or  tin  red  spike 
(A. 4-4. 6pm)  in  order  to  achieve  a higher  target  to  background  ontrast. 
These  advanced  missiles  will  have  a much  smaller  noise  equivalent  Input  and 
le  able  to  discriminate  and  lockon  at  a lower  S/N  ratio. 

2.  Input u instruct ions  (For  card  input  see  figure  10) 

a.  Executor  input 

Same  a.  Test  Problem  11 

h.  General  Input 

Same  as  Test  Problem  il  lot  0,  30  and  170"  only  t 0,  !)K  and 
50K  feet 

c . M i^is  I I e Dose r I ptlon 

Specify  AMI,  AMF  the  wavelength  hands;  SN . RMNS,  ME  I the 
characteristics  of  the  two  new  missiles  as  given  below. 


i 


Missile  Number 

(1) 

(7) 

Wavelength  A. 6 

to  4. 2 3pm 

4 . 4-4 . 

P tnd  Intensity 

1.0 

1 .0 

; ignnl-to-Noise 

. 7 

Ratio 

./ 

NE1  (watts/in2) 

.4  x 10~10 

. 4 x 
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i SCYCLE 

15-2008 ,T7« I 388 , A8-534. 6, P8-56. 82 , 

RAMB- 14. 7, TAM B- 519, VI 9*0, XM-l , 

E8-56.82, 

ALT-0 , f;  AR= . 0 1 08 , E ND-  99 $ 

PIREP  TEST  PROBLEM  7 

SPECTRAL  SIGNATURE  AND  SPECIFIC  MISSILES 

$INPUT 

ASP-0,30,170, 

RANGE -0 , 5000, 50000, 

NLOCK-2 ,SN-.7 , .7 , 

bSNS-1  , 1 , NE 1-4.  E-M  .4.E-I  I , 

AMI-4.  17, 4. 4 Art E- 4. 25, 4. 6, 

NE- 1 S 

SENGINE  TM-IQ0O,AR-750,500,350,EM-.6S 


Figure  10:  Listing  ot  Lnput  Cards  for  Test  Problem  7. 


d.  Hot  Harts  Suppression:  For  this  case,  consider  tie  original 

unsuppreased  emissions  In  Case  II  for  the  internal  system  but  add  the 
hot  surface  temperature,  TM,  emlssivlty,  CM,  and  missile  areas,  AR, 
for  each  of  the  angles  specified  on  page  1 of  the  Input. 

3.  Description  of  Output:  The  output  format  is  the  same  as  for  Test 

Problem  II  except  that  there  are  4 missiles.  The  missile  numbers  assigned 
on  page  1 are  those  referred  to  <>n  the  last  page  with  the  Lockon  ranges 
even  though  the  intermediate  IK  results  are  in  a different  sequence. 

4.  Discuss  Ion  of  Results:  The  particular  adv,  need  missiles  defined 

in  this  problem  are  actually  less  of  a threat  than  the  basic  missiles 
aLready  considered.  in  actual  practice,  it  Is  unlikely  that  one  would  be 
so  Lucky. 

The  addition  of  hot  emissions  in  the  nose-on  aspect  has  dramtically 
increased  the  vulnerability  to  the  threat  from  that  direction.  The  tem- 
perature selected  is  much  hotter  than  a normal  airframe  surface.  In  this 
case  it  t '^eser. ta  a fluge  or  extension  of  the  exhaust  system  Itself  that 
operated  as  a plume  shield  from  above  but  as  an  emitter  from  below  and  to 
the  side. 

It  would  be  effcnlve  as  a plume  shield  If  the  specific  threat  were 
only  iioui  the  up;.,-,  liciiiiuplicre , but  not,  as  demount  rated  iic.c,  11  uur  air 
crait  can  be  appioachcd  t rom  below. 


VIII.  SUMMARY 


Little  knowledge  ir  IR/ countermeasure#  technology  is  necessary  to 
use  PIREP  for  comparing  one  engine/cycle  against  another  for  preliminary 
suppression  evaluations.  As  a design  engineer  becomes  more  conversant 
with  the  problem  Involved,  it  is  expected  he  will  use  more  and  more  options 
available  in  the  PIREP  program  and  his  knowledge  and  judgment  will  further 
Increase. 

Preliminary  studies  and  evaluations  will  be  made  without  reference 
to  the  IR  expert.  In  this  regard  it  is  important  to  understand  that  PIREP 
provides  preliminary  estimates  only.  Before  any  final  decision  or  commit- 
ment on  achievable  IR  levels  Is  made,  a detailed  study  of  the  IR  problem 
should  be  performed  by  more  sophisticated  techniques  and  more  knowledge- 
able personnel.  These  studies,  however,  fall  Into  the  final  selection 
phases  and  In  no  way  diminish  the  Importance  of  the  preliminary  evaluations. 
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PROGRAM  DESCRIPTION 


An  overall  flow  chart  depicting  the  subroutines  used  in  PIREP  is 
presented  in  Figurejl  following  tl\e  general  outline  previously  presented 
in  Figure  1.  Each  ot  these  subroutines  and  their  function  or  purpose  is 
listed  in  Table  8.  A flow  chart  listing  of  each  subroutine  is  presented 
in  Appendix  B. 

The  analysis  of  the  various  subroutines  is  presented  either  in  the 
final  report  for  this  contract.  Reference  2,  or  is  available  in  Reference 
2,  which  is  the  analysis  volume  of  the  SCORPIO  II1A  computer  program  from 
which  a number  of  these  routines  were  extracted. 

The  parameters  used  in  the  subroutines  newly  developed  for  PIREP  are 
defined  in  Table  9. 
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GLENN  Detercines  the  amount  of  plume  suppression  associated  PLOCK  I 

vith  the  nozzle  shaping  and  flight  condition  B22 
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TEST  1 Tests  the  possibility  of  one  node  being  shadowed  by  VIEW  II 

a second  node  which  has  the  sane  axial  location  B186 
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TABLE  10:  PROGRAM  PARAMETER  DEFINITIONS 


SYMBOL 

DEFINITION 

UNITS 

A 

Coefficient.  In  equation  for  lockon  interpolation 

A1 

Coefficient  for  CO2  line  parameter  strength 

Al,  A2 

Ray  spectral  correction  factors  adjusting  to  PC1R 
totals  for  each  aspect  angle 

A8 

Throat  Area 

In2 

A9 

Exit  Area 

in2 

A9Q8 

A9/A8 

AA(IO) 

Dummy  storage  location 

AE ( 20 ) 
AI(20) 

Wavelength  intervals  corresponding  to  the  value  of 
wavelength  jus L beyond  the  band  limit  for  the  end  and 
the  beginning  respectively  of  each  band. 

Ml  crons 

Al 

Ray  Emissions  watts/ster/ster . 

AL(9) 

Integrated  absorption  coefficients  for  H2O 

AL 

Altitudes  in  thousands  of  feet  at  which  atmosphere 
changes  characteristics.  Defines  altitude  intervals 

AL 

Wavelength  ini  rpolation  factor  for  transmissivity 

AL1.AL2 

Ray  spectral  correction  factors  adjusted  to  PC1R 
totals 

ALT, ALT 1 

Altitude 

K.  Feet 

AM 

Wavelength 

Microns 

AME 

Final  Wavelength  for  each  band  interval 

Microns 

AMF 

Final  Wavelength 

Microns 

AMI 

Initial  wavelength  of  each  band  Interval 

Microns 

AMO 

First  wavelength  to  be  computed 

Microns 

i 


AO 


TABLE  10  (CONT'D) 


I 


SYMBOL 

DEFINITION 

UNITS 

AMR 

Visible  distance 

Feet 

AMX 

Final  wavelength 

Microns 

AMX 

Just  less  than  final  wavelength 

Microns 

AN,  ANl 

Wave  number 

cm-l 

AN 

Wave  number 

em“l 

ANC 

Fundamental  vibrations  for  C02 

cm 

ANC 

Number  of  increments  for  which  atmospheric  values 
are  to  be  tabulated 

ANE1 

Noise  equivalent  for  reference  missiles 

o 

cm*- 

ANC 

Current  aspect  angle 

Degrees 

AHO 

l 

Band  centers  for  CO2 

cm-*- 

ANU 

Fundamental  vibrations  for  PUO 

cm~l 

AP 

Integrated  absorption  coefficients  for  CO2 

AP 

Projected  areas 

in2 

AR 

Projected  are;-  of  hot  parts  internal  to  exhaust 
system  for  each  aspect  angle 

iri2 

AREA 

Area  of  exhaust  system  node  surfaces 

in  ^ 

AQ 

1 

Determines  whether  wave  number  is  above  or  belov 
band  center 

aq 

Sign  ul  altitude  differences 

AS1’ 

Aspect  angle  from  exhaust  system  centerline 

Degrees 

ASRI 

Aspect  ratios  for  rectangular  exhaust  shapes 

Ai 

Temperature  difference  for  given  altitude  interval 

°R 

j ATMS 

j 

Number  of  atmosphere  segments  In  ray  table 

i 


TABLE  10 

SYMBOL 

ATOT 

ATST 

AX.AXI 

B 

B 

BB 

BBEP 

BE 

BI 

BL 

BL 

BNU 

BSNS 

BTS 

BUF4 

BUF1 

BX.BZ 

C 

C1.C2 

CA.CB 


(CONT'D) 

PEE INJTtON 

Total  attenuated  IR  omissions  for  specified  range 

Angle  of  diagonal  for  rectangular  shaped  exhaust 

Current  aspect  ratio  for  rectangular  exhahst  shape 

Fundamental  temperature  - vibration  factor 

Coefficient  in  equation  for  lockon  calculation 

Dummy  storage 

Black  body  emissive  power 

Molecular  function  for  CO2 

Blackbody  emissive  power 

Temperature  factor  for  determining  saturation 
concentration 

integrated  absorption  coefficients  for  CO,  N2O, 
and  N2 

Band  centers  for  CO,  N2O  and  Ns 
Missile  band  sensitivity 

■ 999.  indicates  no  data  has  been  supplied 

Location  ol  radiances  to  be  Integrated  over 
wavelength  bands 

List  ..of  wavelengths  for  which  correlations  were 
made 

Molecular  functions  for  CO,  N2O,  and  N2 
Coefficient  in  equation  for  lockon  calculation 
Constants  in  Planck's  blackbody  equation 
Temporary  storage  during  graybody  totalling 


UNITS 

Walts/Sr. 

Degrees 


W/Sr. 


Wa  1 1 s / S r . 


cm 


-1 


Microns 


42 


TABLE  iO  (CONT’D) 


CASE 

CUR 

CE(20), 

Cl (20) 

C1R1 , CIR2 
CS 
CX 
D 

DA 

DAN 

DDM 

DEL  (2) 

Dll 

DH 

LL 

DLL 

DH 

DMN 

DNX.BN-; 

DNU 

DST 


Number  assigned  Internally  to  i ,ch  different 
calculation  set 

Conversion  factor  from  radians  to  degrees 

Wavelength  intervals  corresponding  to  the  value  of 
wavelength  just  inside  the  band  limit  for  the  end  and 
beginning  respectively  of  each  nand 

Hot  parts  cycle  IR  numbers 

Cosine  of  aspect  angle 

Temporary  storage  location 

Log  of  (range  + 250  feet) 

Distance  or  range  ntries  in  atmospheric  table 
Wavenumber  difference 
Wavel  'ngch  difference 

Wavelength  increment  used  in  graybody  emission 
totalling 

Increment  in  altitude 

Location  of  CO^  band  head  from  band  center 
Correction  1 actor  for  CO^  degeneracy 
Wavelength  increment 

Wavelength  Interval  associated  with  the  given 
wavelength 

Lockon  range  for  each  missile  and  aspect  angle 

Distance  fr  and  center  for  equivalent 
symmetric  modi  i 

Distance  from  band  center 

Range  + 250  feet 


Wa  1 1 s / S r . 


Feet 

cm-l 

Microns 

Microns 

K feet 


Ml  crons 
Microns 


Feet 


cm 


cm 


-1 


Feet 


TABLE  10  (CONT'D) 


DXX 

DZ1 

E 

EM 

EMS 

END , ENL'A 
EPS 
EXF 
F 

F 

F 


F1.F2 

F9 

FAR, FAR8 
FE 

FI11ST 


KS.FX 

FX 

FXF 


Plume  core  segment  of  ray  Feet 

Saved  value  of  DNU  cm“l 

Emissivity 

External  Surface  emissivity 
Exhaust  Surface  emissivity 

Parameter  to  signal  end  or  continuation  of  calculation 

A small  quantity  (0.00001) 

External  flow  plume  suppression  factor 

Proportion  of  Initial  altitude  interval  to  be 
calculated 

View  factors  between  exhaust  system  node  surfaces 

Plume  suppression  factors: 

F(l)  Broad/Round  1.8-2. 7 

F(2)  Broad/Round  3.9-4. 8 

F(3)  Narrow/Broad  1.8-2. 7 

F(4)  Narrow/Broad  3. 9-4. 8 

Plume  suppression  factors 

Ratio  of  A9/A8 

Fuel-to-air  ratio 

Projected  area  tn^ 

Indicates  initial  calculation  for  specific  engine 
configuration 

Temperature  dependent  effects  for  partially  over- 
lapped lines 

Angle  pattern  factor  for  hot  parts 
External  flow  plume  suppression  factor 
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TABLE  1° 
G 

CD.GDD 

GNU 

GX 

H 

HC2.HDH, 

HRA.HRX 

HSG.HSX 

HPTOT 

HTOT 

IA,  IAA 

IE 

IR 

ISURF 

IT 

IX 

r 

K 


(CONT’D) 

Planck's  spectral  blackbody  function 
Natural  p ? collision  halfwidth  functions 
HpO  Band  centers 
Constant  it/ 10 

Current  altitude  for  table 
Empirical  functions  for  H2O 

H2O  integrated  line  pj  rameters 

Hot  parts  source  emissions 

Hot  parts  attenuated  emissions 

Counts  current  aspect  angle 

Counts  current  exhaust  configuration 

Counts  the  number  of  range  being  calculated 

Surface  number 

Counts  elevation  angle  being  calculated 
Counts  aspect  ratio  being  calculated 
Locates  totals  In  BHKKKK4 
Locates  interval  !n  XST  table 


1,A  Order  of  missile  chari  teristics  related  to 

wavelength  bands  after  sequencing 


I,K  Determines  whether  a new  step  size  interval  is 

being  encountered 

M Locates  initial  band  wavelength  in  AMI  table  band 

M Locates  storage  foi  totals 


era 


-1 


li  feet 


Watts/Str 
WatLa/Str . 


Ti.tBLE  10 

MC1.MC2 

MDM 

MH1.I-IH2 

MO 

MX 

N 

N 

N 

N1.N2 

NAI 

NAS 

NB 

NC1.NC2, 

NC3 

NL 

NLOCK 

NNN 

NNNN 

NODE 

NPG 

NPR1NT 


(CONT'D) 

L imits  for  CO2  calculation  loop 

Determines  whether  step  sizes  are  to  be  larger  or 
smaller  than  suggested  values 

Limits  for  H2O  calculation  loop 

Locates  end  of  original  buffer  storage 

Signals  whether  reference  missile  charncteristics 
are  to  be  used 

Number  of  exhaust  surfaces 

Locates  terminal  band  wavel.  ngth  in  AME  table 

Locates  radiation  per  micron  in  buffer  for  each 
wavelength 

Denotes  whether  PIRF.P  wavelength  bands  are  reentered 
with  input  bands 

Number  of  wavelengths  to  be  computed 

Number  of  aspect  angles  to  be  calculated  lor  hot 
parts 

Number  of  altitude  intervals  to  be  computed 
H2O  vibration  quantum  numbers 

Counter  In  PL  array 

Signals  whether  locon  calculations  are  to  be  made 
Number  of  in!et  + exit  nodes 
Signals  centerline  node 
Node  number 

Case  number  being  calculated 

Signal  for  atmospheric  or  plume  spectral  computation 
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TABLE  10  (CONT'D) 


NSPEC 

Number  of  wavelength  intervals 

UNITS 

NSS 

Number  of  missiles  to  be  evaluated 

NTOT1 

Total  number  of  nodal  surfaces  In  exhaust  system 

NTR 

Signals  whether  aspect  ratio  calculations  are  to 
be  made 

NTT 

Printout  counter  for  Bpectral  emissions 

NX 

Number  of  wavelengths  to  be  calculated  spectrally 

NX1 

NX2 

Counters  to  properly 
printout  spectral  results 

NXY 

Location  of  spectral  emission  in  AA  array 

NXX 

Location  of  band  totals  in  AA  array 

P.PX.PSAV 

Pressure 

Atmos . 

PB 

Integr  ted  pressure-path  length 

Atmos/Ft 

PH, PHD 

Halfwidth  functions 

PS.PX 

Temperature  dependent  function  for  calculation  of 
partially  overlapping  line  effects 

P8 

Exhaust  gas  total  pressure 

psia 

PA 

Pressure  entries  in  atmospheric  table 

aims  . 

P8QAMB 

Exhaust  gas  total  to  ambient  pressure  ratio 

TA 

Pressure  entries  in  atmospheric  table 

aims 

PAMB 

Atmospheric  pressure 

psia 

nr 

Sr.orsgc  for  adjusted  PCTR,  CIR  nusbsrs 

Wat  ts/ Sir . 

PCI, PC 2 

Storage  for  reference  plume  emissions  after 
adjustment  for  attenuation  factors 

Wat ts/Si r . 

PCIR1.PCIR2 

Plume  IR  numbers 

Watts/ Str . 

<i7 


TABLE  10  (COtJT'D) 


PL 

Saturation  concentration  as  a function  of  ground 
level  temperature  from  443°R  by  increments  of  10°R 

PR 

(1’8/PA)0-25 

PTOT 

Plume  IR  emissions  for  each  wavelength  band  Watts/St 

PV 

Partial  pressure  for  current  input 

PX 

Atmospheric  transmissivity  factor  pressure 
entries  in  ray  table 

Atmos  . 

QS 

Scattering  function 

RANGE 

Range  to  observer 

Feet 

RF 

Radial  coordinates  of  exhaust  surface 

in. 

RG 

(range  + 2SO)/1000 

KH 

Reflection  coefficients 

RX1 

Plume  through  atmosphere 

RX2 

Transmission  factors  for  reference  wavelength  bands 

SI 

CO2  optical  depth 

S1-S7 

Logarithms  of  PCIR  variables 

SA 

Aspect  angle  pattern  factor 

SOS 

lilgual  for  computing  wavelength  dependent  value  of 
scattering 

SD,SG,3K, 
SDX,  SXQ 

Molecular  functions  for  H2O  loc  ■!  line  parameters 

SGH.SXH 

( O2  Integrated  line  parameters 

SKIP 

Inf  <■  ialitation  Indicator  for  emissivity  calculations 

SN 

Missile  s ignal-tc- noise  ratio  for  lockon 

SNR 

Signal  to  noise  ratio  for  reference  missiles 
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TABLE  10 

(CONT'D) 

SPEE 

Signals  whether  spectral  calculations  are  to  be  made 

SS 

Sine  of  aspect  angle 

SW 

Storage  location  for  current  wavelength  during 
graybody  totalling 

T 

Temperature  entries  in  ray  table 

°R 

T5 

Turbine  discharge  temperature 

°R 

T7 

Exhaust  gas  exit  temperature 

“R 

TA 

Temperature  entries  in  atmospheric  tables 

”K 

TAK 

Transmissivity 

IAMB 

Ambient  temperature 

°R 

' 

TB 

Hot  parts  source  tempe  ature  effect  in  H2O  band 
transmissivity  test 

> id , ibX 

Temper  11  ruin  ratio  i unctions 

TEST 

Calculation  limit  for  each  band 

cm~l 

THA 

Aspect  Angles 

Degrees 

- 

THTA 

Elevation  angles  to  be  calculated 

Degrees 

THT 

Current  elevation  angle 

Degrees 

TM 

Temperature  of  hot  parts  external  to  exhaust  system 

"11 

TR 

Averaged  transmissl vl ty  of  hot  parts  through 
atmospheric  nr  pi ume/at mospbero 

TS 

Static  temperature 

°R 

1 

TSC , TSK 

' 

Seatterlne  factors 

TW 

Exhaust  system  surface  temperatures 

°R 

U 

Kxpoiv  <1 lal  fundamental  vibration  factor 

j V]  9 

; j 

j 

Secondary  flow  velocity 

ft . /aec . 
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TABLE  10  (CONT'D) 


VE 

VECT 

VR 

U 

WKA 

WV 

XI,  X2 
XI 

xc 

xc 

XU 

XHA 

XM 

XRC.XRH 

XS 

XST 

XX 

Y1,Y2 
Y 1 
YC 
YF 
Z 

ZT 


External  flow  velocity  ft/aec 

Normal  vector  for  exhaust  system  surfaces  (+  la  inward) 

Visible  range  (K,km) 

Initial  wavelengths  of  specified  Microns 

Cumulative  emissions  for  each  node  surface  W/S 

Specific  wavelengths  for  spectral  calculation  Microns 

Axial  coordinates  of  exhaust  surface  in. 

Optical  depth,  ”2^  Feet 

Axial  coordinates  defining  exhaust  system  centerbody  in. 

CO2  concentration  entries  in  ray  table 

Water  vapor  concentration  entries  ir.  ray  table 


Water  vapor  concentration  entries  in  atmospheric 
tab  !e 

Flight  Mach  number 

CO2,  H2O  concentration  in  core  stream 
Segment  length  1 itries  in  ray  table 

Wavelength  demarknt  in  for  changes  In  step  size  Microns 

Storage  area  for  suppression  factors  (F(l)-F(ii) 

Redial  coordinatt-H  ul  exhaust  surface  lit. 

Portion  of  ^xlt  area  an-oclnted  with  TW(L) 

Rad'ai  coordinates  del ining  exhaust  system  centerbody  In. 
Axial  coordinates  of  exhaust  system  In. 

Transmissivity 
Temperature  f ictor 


SO 
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APPENDIX  A 


OUTPUT  FOR  TEST  PROBLEMS 


A- I 


A-  1 1 


A- 1 1 1 
A- IV 
A-V 
A- VI 
A-V 1 1 


To si  Problem  1 
'lest  Problem  2 
Test  Problem  3 
Test  Problem  A 
Test  Problem  3 
Test  Problem  6 
Test  Problem  7 


Page 
A2 
A5 
A19 
A29 
A 39 
A71 
A86 


best  available  copy 


A-i 


CASF  NO. 

t.'o 

1 T 7 

I'll  5.0  0 

T5 

1992.01) 

P 8 

4 2.53 

A fl 

511.30 

PAMfl 

1 u.70 

X M 

0. 

VC  1.9 

0..  . 

- . . 

IR 

INDICES 

i >-2.7 

3. *9-4.' /j 

PLUME 

?o. 

299. 

HOT  PTS 

, 

ia  3b. 

1211.* 



case  no. 

2> 

i . . .12 

_ 138fl.<JQ 

T5  „ 

. _ 2 Q 0 5 . 0 0 

pa 

56,8? 

A8 

534.60 

PAMH 

14.70 

XM 

I .00 

! VC  1 9 

0. 

....  ... 

— 

' 1 

IR 

INDICES 

1 >-2.7 

3>-a> 

PLUME 

1 7. 

349. 

HOT  PTS 

?0  1 0. 

1298. 

I 

1 , 


C ASF  NO 


3.0 


J.1 1402.011 _ 15 2Q31.JM> 

P8  20.64  A8  529,80 

P AMR  1.68  XM  2, 00 

— WCJ.9 0._  . - 


IR  INDICES 


PLUHF 

Hor  pts 


i J a - ^ 7 3.9  a .'ft 

1 . 

2 1 2 7 . 


107. 
I 33«; 


CASE  NQ.‘ 

4.'0 

T 7- 

1992. oa_ 

T5 

1992..Q0. 

P8 

42.70 

Art 

320.70 

PA  HR 

14.70 

XM 

0. 

VC19  ... 

1540.7Q 

IR 

INDICES 

1 .'8-2.7 

3.'  9-4.8 

PLUME 

205.' 

10  rt  J 

Hnr  pts 

1151. 

i > 9 ; 

A-  t 


C ASF  NU 


5.0 


i 


'I 

i 


17. 20  05*10  T5. 

P8  55. "So  A8 

PAMS  la. 70  XM 

VCt?  1805.70 


IH  INDICES 


1 .'7 


PLtJMF  2?  1."  lOloT 

HOT  PTS  1 1 7 3.  757.’ 


CASE  NO.  6 To 


T7. 

2931.00 

T5 

P8 

IP. 77 

Afl 

PAMH 

1 .bn 

XM 

..VC  IP 

2353*10 

IP  I HO  ICES 


PLUMP 

HOT  PTS 


1 .8-2,7  ’3.?-?.  8 

17.  fe  7 1 - 

1107.  750. 


A- 4 


2008.j0.9_ 

3ll.?0 
1 .00 


20  31 . 00 
29fl,  1 0 
2,00 


PTRFP  TEST  PROBLEM  ? 

SltNATlJRt  ANq  Lf'CKQN 

CASE  1 


**  PTREP 

OUTPUT  ** 

T 7 

1 ?88. no 

TS 

2008.00 

PB 

56. A2 

A 8 

534.60 

PAMB 

19.70 

XM 

1 ,00 

VC  1 9 

0. 

alt 

0. 

FAR 

O.Q.L. 

■■ 

IR  INDICES 

1 .'8-2,' 7 

3. '9-4  .'8 

PLUME 

17. 

34  9. 

HOT  P T 3 

20  l o . 

1298. 

******************** 

MISSILE  PARAMFTFRS 


A*  ************  v.  * * * * 


nq__.wavele:ngTh  band 


SENSITIVITY 


NFI  3/N 


t MICRONS ) 


(WATTS/CM**2) 


1 . 7g0 

? 3. 'VO  -.800 


1.0  0.2000E-09  3,0 

1.0  0.4000E-10  0.7 


PTRFP  TEST  PROBLEM  ? 

SIGNATURE  ANc  lockqn 

CASE  1 


PIRtP  EXTENSION  STUDY 


ELEVATION  ANGLE  = 

0. 

degrees 

ASPECT 

PATIO  = 

1 . oO 

ASPECT 

ANGLE  = 

0. 

DFGPFE S 

rangf 

= 

0 „ 

feet 

A- 


) 


tf«m  »/*iri.r 

*("<*(.  R ) 


t:.- 


n 


pnr  r»rir!  . ■ ts  (I  *)  t:  ti'  > 
0.  . c r •) 


1 ?0 0 **  * 0 


b T'l ■ t>  l»M.O  ^7,'  1 


is?  *.  n.  rtr.^ffs. 


*5p  ■ 0.  Pk.OfiS* 

*5p  =•  jo.oonic^f  f s, 

AS?  ■ JO.OOf>tGUf  r 3, 

ASP  ■ fcOcOr>0tCBrFS.. 

ASP  a 4O,C0OttKI  f%, 


- \ vf  i i mi;  tm  h *'.n 


"AVr.LLNGTlI  » Af,r> 


waVLLLmLTh  fANo 


* AVK^lMGTM  tAkf> 


NAVE.I.IUGTH  HAI.0 


-AVbllMGTH  bAkf) 


I ,n 

V 


?,7 


1,5 


1,? 


I .« 


?s7 


lT*  - n,s 


II*T  »L 

l “ISS  If  INS 

2»i  in.  1 1 

T‘-*l 

f»I  *SlJ-iS 

» 

12*8. 

total 

'Jj 

* 

l7U0#fli 

total 

» -M3S10NS 

■ 

IUi,  10 

total 

F.P  155  TONS 

a 

1 AOS.O? 

TOTAL 

F.HI3SIQMS 

a 

4M5.1* 

Pt  ‘JPt  I»  UlfAlS 

FP|)m  Tn  ?,;o  PTrP">‘3  s l.a'Jo*  «T/3T 

F«0M  5,  VO  T u 4,h0  Mlf4n*,5  e J0,4gTh  *T/;>T 


ATTFNUATKO  H( it  PAPI3  lr»  IfUMS 

fP\V*  |,«0  T(I  ^ , 7 0 f*fr*‘n*5  Jcif'.l  Wi|  «T/MT 

FMI*»  J.OO  Til  «. ao  PlrPOSA  - l?.'** . 7 ) *r/%T 


P T REP  TEST  PROBLEM  ? 

SIGNATURE  AMD  LOCKON  . . 

CASE  2 

PIREP  EXTENSION  STUDY  ....  

elevation  angles  0.  DEGREES 
ASPECT  RATIO  * l.VQ 
ASPECT  aN^LE  = 0.  DEGREES 

RANGE  = 5Q00.00  FEET 


PLUME  IR  TOTALS 

from  i.'eo  tq  2,70  microns  = 6,0237  wt/st 

FROM  1.90  TO  U. BO  MICRONS  = 1.2522  WT/ST 


ATTENUATED  HOT  PARTS  IR  TOTALS 

FROM  1,00  TO  2,70  MICRONS  = 827.6779  WT/ST 

From  1.90  TO  A. 80  MICRONS  = 6to3,7175  WT/ST 


pirfp  test  problem  ? 
signature  anq  lockon 

CASE  3 

PIREP  EXTENSION  STUDY  , 

ELEVATION  ANGLE  = 0.  DEGREES 

ASPECT  RATIO  5 UOO 
Aspect  angle  = 0.  DEGREES 

RANGE  = 50000.00  FEET 


PLUME  IR  TOTALS 

FROM  1,00  TO  2.70  MICRONS  = 0,0031  WT/ST 

from  3.’«o  to  a. so  microns  = o.hjr  wt/st 


ATTENUATED  hot  PARTS  IR  rnTALS 

FROM  1^80  TO  2.70  MIcRQNS  = 024.2*419  WT/ST 

FROM  i.RO  TO  4V80  MICRONS  = 424,5750  WT/ST 


A- 7 


PIRFP  TEST  PROBLEM  2 

SIGNATURE  and  lcckon 

case  4 


PI  PEP  EXTENSTdN  ST'-'DY 

elevation  angle=  o.  degrees 
ASPECT  RATIO  r l.oO 

ASPECT  ANGLE  = 0.  DECREES 

Range  = 100000.00  eeet 


PLUME  IR  TOTALS 

FROM  1^30  Tu  2.70  MICRONS  = 0,0026  WT/ST 

from  3.90  tq  a. bo  microns  s o.o/ai  wt/st 


A T T(  NUaTED  HOT  PARTS  IR  TOTALS 

FROM  1 6 0 TO  2,70  MICRONS  - 302,7961  WT/ST " 

FROM  3.9O  TO  a. BO  MICRONS  a 352,5859  WT/ST 


PIRFP  TEST  PROBLEM  2 

SIGNATURE  AND  LOCHON  _ _ ..  . 

CASE  5 


PI8EP  EXTENSION  STUDY 

ELEVA'ION  ANGLE=  0.  DEGREES 
ASPEC  I PATIO  = UPC... 

ASPECT  ANUle  s 30.00  DEGREES 
RANGE  = 0.  FEET 


PLUME  IR  TOTALS 

From  l^ao  TO  2.70  MICRONS  ~ 0,3138  WT/ST 

FROM  3.90  TO  9. AO  MICRONS  a 174,6506  WT/ST 


ATTENUATED  HOT  PARTS  TR  TOTALS 

FROM  l.'flO  To  2.70  MICRONS  = 17R0.8292  WT/ST 

FROM  J.90  TO  4.80  MlcFONS  = 1124.3000  WT/ST 


A-8 


1’IRF  P TF.iT  PROBLEM  ? 

SIGNATURE  AMp  LOCKnM 

CASE  fa 


PIREP  EXTENSIUN  STUDY 

ELEVATION  ANGLE-  0.  DEGREES 
ASPECT  RATIO  5 1.90 

ASPECT  AN|fLE  s 30.00  DEGREES 
RANGE  = S000.00  FEET 


PLUME  IR  TOTALS 

FROM  1.80  TO  2.70  MICRONS  = 0.1361  WT/ST 

FROM  3.90  TO  4.80  MICRONS  = 7,1839  WT/ST 


ATTENUATED  HOT  PARTS  IR  TOTALS 

FROM  1*80  TO  2*70  MICRONS  = 716,7909  WT/ST 

FROM  3.90  TO  9.80  MICRONS  * 570,7969  WT/ST 


PIREP  TEST  PROBLEM  2 

..SIGNAL  JRE  AND  J^QCKQN  

CASE  7 


PIREP  EXTENSION  STUDY 

elevation  angles  o.  degrees 
A SPEC  ! RATIO  = 1 .00 

ASPECT  AN^LE  = 30.00  DEGRFES 

RANGE  = 50000.00  FEET 


PLUME  IR  TOTALS 

FROM  1*80  TO  2.70  MICRONS  = 0,0176  WT/ST 

FROM  3.90  TO  4.80  MICRONS  = 0.6979  WT/ST 


ATTENUATED  ; IDT  PARTS  IR  TOTALS 

?07,9u6U  WT/ST 
367.6932  WT/ST 


F PflM  1.80  Tij  2.70  Mil  RONS 
FROM  3.90  TD  4.89  M I CRQNS 


PIREP  TEST  PROBLEM  3 
SIGNATURE  AND  LOCKON 

CASE  9 


PIREP  EXTENSION  STUDY 
ELEVATION  ANGLE=  0.  DEGREES 

AS0ECt  RATIO  = . _ 1*00  _ 

ASPECT  ANGLE  s 60.00  DEGREES 
RANGE  = 0.  FEET 


PLUME  IR  TOTALS 

FROM  1,'aO  TO  2,70  MICRONS  = 14,3999  WT /ST 

FROM  3.90  TO  4.80  MICRONS  = 302,5041  WT/ST 


ATTENUATED  HOT  PARTS  IR  TOTALS 

FROM  1,80  TO  2.70  MICRONS  « 1 005,0741  WT/ST 

FROM  3.90  TO  4.80  micrqnS  s 649,1187  WT/ST 


PIREP  TEST  PROBLEM  2 

SIGNATURE.  MO_LQC  K CLN 

CASE  8 


PIREJ?- EXTENSION  .STUDY 

E EVATION  ANGLES  0.  DEGREES 
ASPECT  RATIO  = ..  .1^09 
ASPECT  ANGLE  = 30.00  DEGREES 

RANGE  = 100000.00  FEET 


PLUME  IR  TOTALS 

FROM  1,'SO  TO  2.70  MICRONS  = 0.0151  WT/ST 

FROM  3.40  TO  4,80  MICRONS  = 0.O251  WT/ST 


ATTENUATED  HOT  PART5  IR  TOTALS 

FROM  1,80  TO  2.79  MICRONS 
FROM  3.90  TO  4.00  MICRONS 


262.2312  WT/ST 
305,3487  WT/ST 


A-LO 


PIREP  TEST  PROBLEM  ? 

SIGNATURE  AND  LQCKON 

CASE  10 


— ...  PIREP  .EXTENSION  3TUDY 

ELEVATION  ANGLEr  0.  DEGREES 

-ASPECT.  RAT.IQ_.s  ..  1.00_. . _ 

ASPECT  ANGLE  s 60.00  DEGREES 
RANGE  - 5000.00  FEET 


PLUME  IR  TOTALS 

FROM  t.*80  fa  2.70  MICRONS  3 0.2358  WT/ST 

FROM  3.'90  TQ  <1.80  MICRONS  = 1 2.4428  WT/ST 


ATTENUATED  HOT  PARTS  IR  TOTALS 

FROM  1.80  TO  2.70  MICRONS  = 413,8419  WT/ST 

FROM  3.90  TO  a. 80  MICRONS  = 331.8611  WT/ST 


PIREP  TEST  PROBLEM  2 

SIGNATIJR£_AND  LOCKfjN  

CASE  11 

...PIREP  EXTENSION  ..STUDY 

ELEVATION  ANGLFs  0.  DEGPFER 
ASPECT  RATUl  = 1.00 

ASPECT  ANGLE  = 60. 00  OEGPFES 

RANGF  = 50000.00  FEET 


PLUME  IR  TOTALS 

FRflM  1*80  TO  2.70  MICRONS  = 0,0305  WT/3T 

From  3.90  TO  <1.80  MICRONS  = t.l 222  WT/ST 


ATTENUATED  HOT  PANTS  IR  TOTALS 

FROM  1*80  TO  2*70  MICRONS  = 212,1234  Vf/ST 

FROM  i.90  To  4. 80  MICRONS  = 212,2890  WT/ST 


A— 11 


I 


P I REP  TEST  PROBLEM  2 

SIGNATURE  AND  LOCKON  . .. 

C A si  1 2 


— P.IBE.P.  EXTENSION  STUDY 

ELEVATION  ANGLES  0.  DEGREES 

ASPECT  RATIO  ; l.oO 

ASPECT  ANGLE  e 60.00  DEGREES 
RANGE  s 100000.00  FEET 


PLUME  IR  TOTALS 

FROM  1*80  TO  2.70  _MfcRONs"_s  0,0262  WT/ST 

From  3.90  VQ  4.80  MICRONS  = 0.7363  WT/ST 


ATTENUATED  HOT  PART3  IR  TOTALS 

FROM  1^80  TO  2^70  MICRONS  = 151 ,400j  ~ WT/ST 

From  3.90  to  4.ao  MICRONS  = 176.2942  WT/ST 


PIREP  TEST  PROBLEM  2 

_ 3IGNATU«JLJi.ND.LQt K ON 

CASE  13 


PIPEP^EXTENSIJQN_STUDY  _ 

ELEVATION  ANGLE=  0.  DEGREES 
ASPECT  RATIO  = l.‘>0 

A3PECT  An9LE  = 90.00  DEGREES 


1 RANGE  a 

! 

0. 

FEFT 

PLUME  IR 

TOTALS 

F ROM 

t.ao 

TO  2.70 

MICRONS  = 

16,6276 

WT/ST 

' 

1 

F ROM 

3 . V’’ 

TO  4.a0 

MICRONS  - 

349,3025 

WT/ST 

i 


) 

I 


A-'? 


PIREP  TEST  PROBLEM  ? 

signature  a^d  lhckon 


PIREP  E X.T E.N S ION  STUDY 

elevation  angles  o,  degrees 

ASPECT- RAT  IQ  5 ~L+QQ.  . 

ASPECT  aR^LE  = 90.00  DEGREES 

RANGE  ■ 5000.00  FEET 


PLUHE  IR  TOTALS 


FROM  1,'ao  TO  2,70  MICRONS  = 
FROM  3.90  TO  0.00  MICRONS  = 


PIREP  TFST  PROBLEM  2 
signature  AND  _LOC*<QN. 


..PIREP  extension  study 

elevation  angle*  o.  degrfes 
ASPECT  PATIO  = - 1.00 

ASPECT  aNHE  * 90.00  DEGRFES 

RANGE  = 50000.00  FEET 


PLUME  IR  TCJTAIS 

FROM  1^80  TO  2,70  MICRONS  - 
FROM  3.90  TO  9.80  MICRONS  = 


CASE  19 


0,2723  W T /ST 
19,3678  WT/ST 


CASE  15 


0 , 0 3 j2  WT/ST 
1,2958  WT/ST 


A- 11 


i 


PIRFP  TFST  PROBLEM  ?. 

SIGNATURE  AND.JJ3CKQN___ . 

CASE  1 7 

. PIREP  EXTENSION  STUDY......  

ELEVATION  ANGLES  0.  DEGREES 

.1SPECI  RATIO  A U.C.Q_.  _ ... 

ASPECT  ANGLE  ■ 130.00  DEGREES 
RANGE  s 0.  EE  T 


plume  ir  totals 

From  l.'go  to  2,70  MICRONS  = 12,7374  WT/ST 

FROM  3. RO  TO  4, .80  MICRONS  = 267,5005  WT/ST 


PIREP  TEST  PROBLEM  2 

..SIGNATURE  ANQ.  LQCKQN . 

CASE  16 


..  PI«EP  EXTENSION  STUDY 

ELEVATION  ANGLES  0.  oegrfes 
ASPECT  RATIO  = l ,V0 
ASPECT  angle  =_  90.00  DEGREES 
RANGE  = 1000O0.00  FEET 


PLUME  IR  TOTALS 

FROM  i.'so  To  2^70  MICRONS  s 0,0303  WT/ST 

From  J.’rO  To  4.80  MICRONS  = 0,8502  WT/ST 


A- 14 


I 


PIRFP  test  problem  ? 

SIGNATURE:  AMD  LCCKQN_. 


-EIR£p„ex tension,  study 


ELEVATION  ANGLES  0.  DEGREES 
-ASPECJ  RA  T !□_ .s  1.00.  . ' 

ASPECT  ANGLE  r 130.00  DEGREES 
RANGE  * 5000.00  FEET 


case  ta 


plume  ir  totals 


from  1.8  0 TO  3.70  M rcRONS 
FROM  3.90  TO  <1.80  MIcRQNS 


0.2088  WT/ST 
U.0081  RT/ST 


PIRFP  TEST  PROBLEM  2 
signature  and  lockqn 


PIREP  EXTENSION  study 


ELEVATION  angles  0.  DLGRFT  3 
ASPECT  RATIO  = l.go 
ASPECT  angle  = 130.00  DEGREES 
RANGF  a 50000.00  FEET 


CASE  19 


plume  ir  totals 


TROM  l.eo  m 2.70  MICRONS 
FROM  3.90  TYl  j.80  MICRONS 


0,0270  WT/3T 
0.9926  RT/ST 


PIREP  TEST  PRPHLtM  ? 

SIGNATURE  and  luckon 


PIREP  EXTENSION  STUDY. 

ELEVATION  ANGLE*  0.  DEGREES 
ASPJE.CI  R^YIO  =1.00 
ASPECT  ANGLE  * 130.00  DEGREES 
RANGE  = 100000. 00  FEET 


PLUME  IR  TOTALS 

ercim  1-ao  Tn  2,70  microns  = 

FROM  3.90  Tf)  4.80  MICRONS  = 


PIREP  TEST  PPOBt.EM  ? 
SLGNaTijRF.  AND  LOCK  ON 


PIREP  EXTENSION  STUDY 


ELEVATION  angles  0. 
ASPECT  RATIO  = 1.00 

ASPECT  aN^LE  = 170.00 
RANGE  * °* 


degrees 

degrees 
Fei  r 


PLUME  IR  TOTALS 

FROM  l.eo  TO  2.70  MICRONS  = 
FROM  3.90  TO  4. BO  MICRONS  = 


CASE  20 


0.0232  WT/ST 
0 .faSl 3 WT/ST 


CASE  2 1 


2.R873  WT/ST 
60.65S5  WT/ST 


A- 10 


! PIRFP  TEST  PROBLEM  ? 

_ _ SIGNATURE.  ANH  LDCKON  

CASE  22 

PIREP  EXTENSION  STUDY  

ELEVATION  ANGLE=  0.  DEGREES 

ASetCI  RATIO..*  l_»flO  

ASPECT  ANGLE  a 170. OC  DEGREES 
RANGE  - 5000.00  FEET 


PLUME  IR  TOTALS 

from  i Jab  to  2.70  microns  = 0,0473  wt/st 

from  3.R0  to  4. BO  MICRONS  = 2.4949  WT/ST 


PiREP  TEST  PROBLEM  2 
signature  AND  lockqn 

CASE  2 3 

PIREP  EXTENSION  STUDY 

ELEVATION  anglf=  o.  OEGRFFS 
ASPECT  ratio  = 1 .40 

ASPECT  aN^LE  = 170.00  DEGREES 
RANGE  = 50000.00  FEFT 


PLUME  IR  TOTAl S 

u r /RT 
WT/ST 


FROM  5.00  TO  4.00 


UT  r RnNS  — 

MICRONS  = 


0.2250 


A- 17 


PIREP  TEST  PROBLEM  ? 

- signaturelanel  liickdn_ 

PIREP.  EXTENSION  STUDY 

TcoVAIIONi  ANGLEs  0.  oegpfes 
aspexi  ratio  - uao 

ANGLE  a 170.00  DEGPFES 
KANijE  a 100000.00  EEET 


CASE  2<4 


PLUME  IP  TOTALS 


Prom  t.>o'To 'a, 70  MICRONS 
from  3.00  To  0.00  MIcRONfl 


0.0053  WT/Sr 
0.1476  NT/ST 


a * * 1*  * . * 


******  ft...*.  * 


LOCkQn  range.,  feet 

* * * * * * * * * * * w * * *~v  *t 


M I 3S ILE  number 
* ? 

30500.  llH'ittt 

2"™’-  U t<?5  t * 

22720.  M6f,57; 

fj;?9*  «?R30. 

11*78, 

1036.  75  JO , 


a-  i a 


PIRFP  TEST  PROBLEM  3 
PLUME  SUPPRESSION  ...  .... 

CASE  1 

**  PIREP  OUTPUT-**  . 


T7 

lie*. oo 

P8 

56. *2 

PAM0 

10.70 

VC  19 

0. 

FAR 

0.01 

T5 

200ft, 00 

A 9 

530.60 

XM 

1 . 00 

alt 

0, 

IR  INDICES 
l.’a-2.7  3.'9-«.'a 


PLUME 
HOT  PTS 


1 7. 

2010. 


3*9. 

1298.’ 


******************** 

MISSILE  PARAMETERS 

******************** 


NO. 

wavelength  hand 

SENSITIVITY 

ML  I 

S/N 

( mIi;hOn8  ) 

(WATTS/CM**2) 

1 

l.'eo  -.7oo 

0 .5  0 

.2000E-09 

s.o 

2 

3.90  -.300 

ti , 7 0 

.‘UOOOE-IO 

0.7 

-19 


PIREP  TEST  PROBLEM  3 
"LUME  SUPPRESSION 

CASE  l 


. PIREP  EXTENSION.  STUDY 

ELEVATION  ANGLE=  0.  DEGRFES 

ASPECT  RATIO  * 1,00  ... 

ASPECT  ANGLE  =.  00.00  degrees 

RANGE  s 0.  PEET 


PLUME  IR  TOTALS 

FROM  l.’aO  TO  2,70  MICRONS  "s  16.6276  WT/ST 

from  3.<jo  TO  a. 80  MICRONS  = 349,3025  WT/ST 


pirfp  test  problem  3 

PLUME  SUPPRESSION  ..  

CASE  2 


. PIREP  EY  NS  ION  STUDY 

ELEVATION  A \r,u  = 0„  DEGREES 

ASPECT  RATIO  s 1.00  ... 

ASPECT  aN^LE  = 90.00  DEGRFES 
RANGE  = 50000.00  FEET 


PLUME  IR  TOTALS 

FROM  1.80  T i 2.70  MICRONS  = 0,0352  WT/ST 

EPOM  3.90  TO  '4.80  MICRONS  = 1.2956  WT/ST 


***************  * A***.* 

LUCKON  RANGE,  FEET 


********************* 


aspect 

ANGLE 

MISSILE 

NUMBER 

(DEG) 

1 

2 

90.00 

1413. 

1?  372, 

<\-20 


PI«FP  TEST  PROBLEM  3 
plume  suppression 


CASE  3 


PI  PEP  EXTENSION  study 

ELEVATION  ANGLE=  0 DEGREES 

.ASPECT  RATIO  s._fl.00 .. 

ASPECT  ANlfLE  s 90.00  oegpees 
RANGE  = 0.  FEET 


PLUME  IR  TOTALS 

FROM  1 ^ 30  f 0 2^70  MICRONS  = o,5956 

FROM  3.90  TO  4. 80  MICRONS  = 167,0830 


■31RFP  TEST  PROBLEM  3 
PLUME  SUPPRESSION 

CASE 


PIREP  EXTENSION  STUDY  - 

ELEVATION  ANGLE=  0.  OEGPEES 
ASPECT  RATIO  = 0.00 

ASPECT  aN^LE  r 90.00  degrees 
RANGE  a 50000.00  FEET 


PLUME  IH  TOTALS 

from  1,80  T[j  2.70  MICRONS  = O.010C 

FROM  3.Q0  TQ  0.80  MICRONS  = 0,6198 


*************  A**.* 

LUCKON  range,  feet 


ft  **************** 


ASPECT 

ANGLE  MISsTLE  NUMHER 

(DEG)  1 2 

90.00  10*35.  9719. 


WT/ST 

WT/ST 


a 


RT/ST 
T / 3 T 


* . * * 


* * * 


A-n 


PTREP  TEST  PROBLEM  3 

...  ...  ....  ...  PLUME  SUPPRESSION 

CASE  5 

PIREP  .EXTENSION  STUDY  . .....  . . 

ELEVATION  ANGLES  0 degrees 

ASPECT  RATIO.  .=  ttl. 00. 

ASPECT  ANGLE  s Qo.oO  DEGREES 
RANGE  = 0.  FEET 


PLUME  IR  TOTALS 

FROM  1,’flO  TO  2,70  MICRONS  s 2,3279  WT/ST 

FROM  3.90  TO  0. 80  MICRONS  = 95,359b  WT/ST 


pirfp  tfs t problem  3 

PLUME  SUPPRESSION.  ...  . 

CASE  b 


PIREP  EXTENSION.  STUDY 

ELEVATION  ANGLE*  0.  OcGpEES 

ASPECT  RATIO  = 10. QO 

ASPECT  ANGLE  = 90.00  DEGREES 
RANGE  » 50000.00  FEET 


PLUME  IR  TOTALS 

! 

FROM  l,«0 

TO 

2.70 

MICRONS  = 

0,0009 

WT/ST 

FROM  3.90 

TO 

0.80 

MlcRnNS  = 

0, 3530 

WT/ST 

*********  *.  ********** 
LOCkON  RANGE,  FEET 


******************** 


ASPECT 
ANGLE 
( OtG  ) 
90.00 


MISSILF  NUMBER 
1 2 
759,  B989. 


1 


K-ll 


PIREP  TEST  PROBLEM  3 

plumf  suppression 

CASE  7 


. PIREP  EXTENSION  ST"DY 

ELEVATION  ANGLE=  45.0  DEGREES 

aspect  rattu  .=  i.oo._ 

A ’ECT  ANGLE  = 9Q.00  DEGREES 

PA  IGE  s 0.  IEET 


PLUME  IR  TOTALS 

FROM  1^80  TO  2,70  MICRONS  = 16.6276  RT  /ST 

FROM  3.90  TO  4.fi0  MICRONS  = 349,3025  WT/ST 


PTRFP  TEST  PROBLEM  3 
PLUME  .SUPPRESSION 


CASE  8 


PIPEP  EXTENSION  .STOO-Y__ 

ELEVATION  ANGLE*  45.0  DEGREES 

aspect  ratio  = 1.00 

ASPECT  ANGLE  = NO. 00  DEGREES 
RANGE  s SO000.00  FEET 


PLUME  IR  TOTALS 

FROM  l.'eo  To  2,70  MICRONS  = 0,0352  WT/ST 

FROM  3.90  Ty  4.80  MICRONS  = 1,2958  RT/ST 


*****  **************** 
LOCKON  RANGE,  FEET 

********************* 


ASPE  ct 

ANGLE  MJjsTLF  NIIMRFR 

(DEG)  . ? 

90.00  1413.  12372. 


A 2'J 


PIREP  TEST  PROBLEM  3 
PLUME, SUPPRESSION 


PI  REP -EXTENSION  . STUDY. 

ELEVATION  ANKLE=  45.0  DEGREES 
ASPECT  RATIO  = 4.00 

ASPECT  ANGLE  = 90.0  DEGREES 

RANGE  = 0.  EEET 


PLUME  IR  TOTALS 


EROM  l.'ao  Tu  2,70  MICRONS  = 5 

FROM  3.90  TO  4.80  MICRONS  = 151 


pirep  test  problem  3 
PLUME  suppression 


PI  REP- .EX  ten  SION.  STUDY 

ELEVATION  ANGLE=  45.0  degrees 
AseEcr  ratlq  s r.qo  . 

ASPECT  ANGLE  s 90.00  DEGREES 
RANGE  s 50000.00  EEET 


PLUME  IR  TOTALS 

FROM  t^BO  TO  2.70  MICRONS  s 0, 

from  3.90  to  4. so  microns  = o. 


******  1.  ******* 

LOCKON  RANGE,  rEET 

************** 


ASPECT 

ANGLF 

MISSILE 

NUMBER 

(DEG) 

1 

2 

90.00 

10  0 

9417. 

CASE  9 


.7456  WT/3T 
,7494  W7/ST 


CASE  10 


0122  WT/3T 
5629  WT/3T 


* * * * * * t 


******* 


A- /A 


pirfp  test  problem  3 
plume  suppression 

CASE  1: 


P1REP  EXTENSION  STUDY 

ELEVATION  ANGLE*  05.0  DEGREES 
ASPECT  RATIO  = 10. 00 

ASPECT  ANGLE  = 90.00  DEGREES 

RANGE  = 0.  FEET 


PLUME  IR  TOTALS 

FROM  UflO  TO  2.70  MICRONS  = 1,7960  WT/ST 

FROM  3.90  TO  9.80  MICRONS  s 78.3223  NT/ST 


pirfp  test  problem  3 

PL  .g  M£_  S up  p R E S SID  N 

CASE 


_ PIREP  EXTENSION  STUDY.., 

elevation  ANGLE*  «5.0  DEGREES 

ASPECT  RATIO  = 10.00 

ASPECT  ANGLE  s 90.00  DEGREES 
RANGE  * 50000.00  FEET 


PLUME  IR  TUTALS 

from  1^80  To  2.70  MICPflNS 
FROM  3.90  TO  9.80  MICRnNS 


0,0038  WT/ST 
0,2906  WT/ST 


**  A ***************** 

LOCKON  range,  feet 

A**************  ****** 


ASPECT 

angle 

MISSILE 

NUMBER 

(DEG) 

1 

2 

90.00 

699. 

7584. 

A -/■■ 


pirep  tf st  problem  3 

PLUME  SUPPRESSION 

CASE 


pirep  extension  study 

elevation  angle = 90.0  degrees 

.ASPECT  RATIO  = l.l>0 

ASPECT  aNuLE  =.  90.00  DEGREES 


RANGE  e 

0. 

feet 

PLUME  IR 

totals 

FROM  l^BO 

TO  2.70 

microns  = 

16,6276 

FROM  3.90 

TO  4. SO 

MICRONS  = 

399,3025 

P1RFP  TEST  PROBLEM  3 
PLJJME  SUPPRESSION  . 

I 

PIREP  EXTENSION  STUDY..  


CASE 


ELEVATION  ANGLP=  90.0  DEGREES 
ASPECT..RATIU  ; L-00 

iSPECT  ANl»LF  = 90,00  DEGREES 

RANGE  R 50000.00  FEET 


PLUME  IR  Ti  f Al  G 


FROM  l.'ftO  TO  2, 70  MI  CRONS  = 0,0352 

FROM  3.90  TO  9.60  NICRONS  = l,?9sp 


******  i i I « < t » * « 1 i 

LOCkON  RANGE,  Ft  FT 
***************** 


ASPECT 

ANCLE  MISsti.E  NllMHFR 

(DEC)  1 2 

90.0  0 Nil?.  )?372. 


WT  /ST 
WTXRT 


19 


WT/ST 

WT/ST 


★ A * A A 


A * * A A 


A St 


PTRFP  TEST  PROBLEM  3 
PLUME  SUPPRESSION 


.PIREP  FXTENSI'JN  STUDY 

FLEVATION  ANCLES  90.0  DEGREES 
ASPECT  RATIO  S 0.00 
ASPECT  A^LE  s 90. oO  DECREES 
RANGE  = 0.  FEET 


PLUME  IR  TOTALS 

FROM  TO  2.70  MICRONS  = 

FROM  3.90  TO  a. 80  MICRONS  = 


PTRFP  TEST  PROBLEM  3 
PLUME  SUPPRESSION 


_ . PIREP  EXTENSION  STUDY 

ELEVATION  ANGLF=  90.0  DEGREES 
ASPECT  RATIO  = «i.O0 

ASPECT  AN^LE  = 90.00  DEGREES 

RANGE  - 50000.00  FEET 


PLUME  IR  TOTALS 

FROM  1 TO  2.70  M T CRONS  = 
FROM  3.90  Til  0.80  hir.RONS  = 


1 


I 

i 


ASPECT 
ANGLE 
cnt'G) 
90  00 


*********** 
LOCKON  RANGE, 
*********  ** 


MISSILE  NUMRE 

1 2 
878.  fl590. 


CASE  IS 


3,6936  WT/3T 
t 10.7307  WT/ST 


CASE  16 


0,0078  WT/ST 
0,0256  WT/ST 


********** 

ffet 

********** 


a ■/; 


PTRFP  TFST  PpOBt.  EH  3 
FLUMt  SUPPRESSION 


PIREP  EXTENSION  STUDY 

ELEVATION  ANGLE=  90.0  DEGREES 
ASPECT. RATIO  s .10.00 
ASPECT  aNHE  a 90.00  degrees 
RANGE  3 0.  FEET 


PLUME  IR  TOTALS 

FROM  l’ao  To  2,70  MICRONS  = 
from  3. on  TO  4. BO  MICRONS  = 


PIREP  TEST  PROBLEM  3 
PLUME  SUPPRESSION 


PIREP  EXTENSION  STUDY 
ELEVATION  ANGLES  90.0  degrees 

ASPECT  RATIO  = lU.QO 

ASPECT  ANGLE  = 90.00  DEGREES 

RANGE  3 50000. 00  FEET 


PLUME  IP  TOTALS 

FHciM  1.80  TO  2.70  MTcRnNS  = 
FHfIM  3.90  T(1  <|.B0  MTr.RONS  = 


*********** 
LOCKON  RANG. 

*********** 


ASPECT 

ANGLE 

MISSILE 

mu“hfr 

(DEG) 

1 

2 

9 0.00 

^ 7 \)  m 

soua. 

CASE  17 


0.5121  WT/ST 
37,1906  WT/ST 


CASE  1 8 


0,001  I WT/ST 
<1 , 1 3B0  WT/ST 

********** 

CFET 

********** 


A-  in 


PIRFP  TEST  PRriHLEM  4 
HOT  PART?  SUPPRESSION  I 

CASE 


**  PIRFP 

OUTPUT  ** 

- 

— 

T7 

1 3R8.00 

T 5 

2008.00 

pa  „ 

56. 32 

A8  . 

534.60 



PAMS 

14.70 

XN 

1.00 

VC  19 

0, 

ALT 

0. 

FAR  ... 

0.01 

... 

— 

. . 

IK  INDICES 

— 

1 .'8-2.7 

3.’9-4.'fl 

PLUMF 

17. 

34  9.' 

HOT  PTS 

2010. 

1 2 9 H 

PIRFP  TEST  PprihLEM  4 
HOT  PARTS  SUPPRESSION  I. 

CASE 


PIRE.P  EXTENSION  study 


FLFVAT10N  AKSLF = 
ASPECT  RATIO  = 
ASPECT  AOS'  t 
WANGF  = 


0.  IM  GREFS 
1.00 

0.  DEGRFFS 

n.  feet 


rtHAiisi  mi i t f.-iMr,  f • ■>  *»  ! 


Miff  Tl MPp  l’  a t ' IRP 

NUMBER  <R> 


PW  . .1 « f If  L'  AMI1}  { 1 1 l /.  * f .'I  I 
o.  jn.o 


1 1500.0 

2 *0013.0 


1 3 J . b 1 1 *j  . 7 

401.0  34f.? 


NUDt  A»EA 

ua.TNCMps), 


pIMFCT  MtfuClin  PADJf'Spr 

tnssi'iM*  tCjssni'5 

(*»T  tS/STI  RA^I**) 


CHV1'1  A T T VF 
l r*lSS]rN5 


ASP  ■ o.  OtCHI t S, 


H*V(UNfcTi.  h*-.r 


1 ,4 


TIUAL  flSStmS  k |*A|  ,H 


| 0,|tjASf  oi  o.TV'ol*  n?  i»#7l4l"f-oi 

t 0.400*5f  0 3 0.1S0767  OR  C.l*»o7/l  00 


.1.7  i'll  I )?  u.M.in  rt 2 

OJV-’^t  0 » o . I S l>  7 h I DU 


A5P  ■ 0.  PtCfcflS, 


WAVtLI  N(.7h  K»*.n  3.4  - ' 


UllAl  l.-lRStriNS  « 


C.I33b!»E  01 
0.4OO4M  01 


0.1  03 

0 „ *>7  3b  7r  Ul 


©.'lIROf-M 
©#'*T  JBff-OI 


9-U“C.7»  0 3 

O.R737U  03 


0.11*0*1  o5 
U,^M77f  03 


10*7,04 


a9p  - lo.oontcpprs, 


<AVFll4GTM  hi  no  1,3  - ?./ 


TOTAL  f -ISSIO'iS  t 1 384.  33 


I 0.1157*7  01  o?  0 , 6 J *»  7 7 f -o  2 

t 0 # 3*  7?  If  03  O.13"5of  T«  I'.llySFf  no 


ff.673'^  {,2  y.i>3*i76F 

P.lii'Sbf  i)4  O.lShShA  04 


asp  ■ lo.ioPir-ppf  s, 


PAV|  L 1 M(;  7 M lU'in  l.°  *».«* 


miAL  i ‘♦issues  * 


fl.'llSMf  0 1 

0,l47?jr  03 


0.4B7f7f  o? 

o.*‘l.vr  n 3 


0,4*  r°  IF  • o 
O.S'I  13'jF  -n  1 


O.M  U't  f o«* 

V.NMk  O' 


O.ybfbftF  02 

0 ,bU  3 111  0 3 


4U,‘  , 


I 0 


Pll)M|  I p TMTAI  9 


F RflM  1,00  Tn  / . 7 o 
f Rl)“  J j 40  111  4.*0 


h I r wciHS  * 
M|fPMNS  * 


1 , 0 4 4 1 - 1 / S ! 

'0,  n u |)i  -T/rtl 


ATT|4llAirn  MM  I PA»MS  t •*  1 *» 1 M 5 


PM'*:  l . V'  7»r  2 . 7! 
FPflM  t||  i*  , H *> 


7 r *"> 

Mft  : 


1 Ml  \ . ' « 1 > T , ,1 
1 0 H 7 , » ) ) S 


A-  10 


>(  f(T  PCf 

mqT  p*4T3  5'iPPiji  j 

C ASfc  i 


p I Rfc  P * » Tf  v 5 » j*.  < » 
ELEvATT~;S  *Sr.i_Fs  • . '„r;- 

aspfct  ' K 

*SPECT  l^GL:  s : * 

B * k»(j C » *i  ft  V * ’ , .1  V l r f * 


Pt  u**E  J«  ? 

^Bi’K  I,*'1  " ■ 4 * . ' - ■ - 

F 0r«  * ■’  4.*;  - * - »■>•,  \ : 

ATTFSO*TlC  " T Pjuu  ~ . s; 

ebop  i,io  n to  -r<-»nHs  = -t/st 

FKn“  *-*A  T~'  l.EO  -lr*0*5  = 1S^.T<»8S  nT/AT 


P|PfP  TEST  Pwr»nj  <j 

hriT  D A L'  T 5 5 » i p p ij r v*  ^ j # i -<  ■* 

CASE  5 

PIREP  EXTENSION  3 TUP Y 

FLEVATInN  AnGLF=  r>,  DEGREES 
ASPECT  RATIO  = ljUC) 

ASPECT  ANG( f ~ ^0.00  DEGREES 
range  = o.  FEE 


PLUME  IP  I'n  Ml  s 

ElVOM  1,'eo  T{ ] p.7 0 MICRONS  - H.U3<?  WT/ST 

from  j.s>o  to  a, go  microns  = l7R.6aos  wt/st 


: . - - ’ » - ' j - * 

2 b »i/jr 


ATTENUATED  HnT  PARTS  IR  rriTALS 


FROM  i.tu>  T()  p , 7 o 
FROM  j„?0  To  «.go 


M r C RONS 
MICRONS 


3*69.3230  WT/ST 
Ra<7, 09*S8  WT/3T 


a-'h 


P T R F P TEST  PROBLEM  /4 

HOT  parts  SUPPRESSION  I 

CASE  U 

P l PEP  EXTENSION  STUDY  . . . 

ELEVATION  angles  0.  DFGpEES 
ASPECT  RATIO  = 1.00 

ASPECT  AN^fLE  = 30.00  DEGRFES 

RANGF  * 50000.00  FEET 


PLUME  IR  TOTALS 

from  \.‘ao  to  2.70  microns  = o.ow 6 wY/st 

FROM  3.90  TO  4.80  MICRONS  = 0,6479  WT/ST 


attenuated  hot  parts  ir  totals 

from  Tn  2.70  MICRONS  = 288,5846  WT/ST 

FROM  3.90  TQ  4.80  MICRONS  = 306,1048  WT/ST 


pir-p  tfst  problem  u 
HOT  PARTS  SUPPRESSION  I 

CASE  5 

PIREP  EXTENSION  STUDY 

ELEVATION  ANGLF=  0.  DEGRFES 
ASPECT  HAT Iu  = l.oo 
ASPECT  ANGLE  - o.  DEGRFES 

RANGE  = 0.  FEFT 


fkHlli.il  lull  t'JBT.S  js«i|T/.“  it 


V'f  rtM?f  r i ih  r 

NUVHE9  (Wl 


P«*i  .!(«*»*  . / i<  V<  < I'  1 > r I I *1  h .*»  I l T * ’ ■ l » 

■ i o B n 


i tsoe.o 

7 ?onn.o 


• 3 2M.r» 

,'hf  . 1 ^1.*, 


NOD*  *WIA 

(SQ.INCMI-9)  , 


n t iv f c t H'fiinrn  hadhjmW 

Ct- 1 551  nv?i  Ml  Sill'S 

(r.A!  TS/Sfl  ‘VA.-I*!.) 


CI"’OUMVf 
I ».131«|||NS 


asp  « r».  ni  pm » s, 


NAVI  l.l  »'„»H  HA  . n \ , fi 


TOTAL  1-fSSIuMS  * I IM  ,9t 


*.2*7*0’  Cl 

0.t**7l0f  «l 


r . \ 'k  n n i * p i 

c . T o o *a  i T o '* 


o.lln1  -<M 

O.KHl'u't  0 0 


n . i 'i  i»  i ? I u ' 
(i.nifli/i  1 


. n .i 

u.louVt  on 


asp  « o.  nrf.H'i'i* 


NAVI  l f nr.?H  IIAM)  1.Q  - 0,  A 


1 C»  * AL  f M]1S  T(JN1  c 


l 0.?«M0f  0 1 

J O.^MOl  03 


fl,77"lH  0 3 lU.ViMo* -r  i 
ft.f.'i'M  ir  n 1 'H  -m 


0. *'1*1*1  ul  O^utlnf  03 


IW  7.  \? 


A IP  « 3«. 

,0-‘ii|  r,i#M  ."if 

NAVI  l t In. T h Hi'  h 

1 . ft  - r'  , 7 

loUi  | “ I S S f ( 1 v 3 

1 O./M**’ 

r-  \ 

ft . 1 1» M 

ni  v,i^/r«i*ci 

n.I./lM  (,  3 

l1 , l ■’  / 1 Si  0 3 

7 ii'tUU'il 

0 1 

0.  P/‘IS  if 

0 3 II  .♦*  Jn*»  ] 1 -II  | 

n . m / os  nl  ii  1 

0 3 

9VT,t.S 


ASP 

JO  , 

(.pi  i 

N/Vt  1 

i [ mi.  n.  h \ mi 

Sf«i  - <i  , '1 

1 1 1 1 * l i 11 1 1 

• Inf.-i  » 

1 o. 

^ 0. 

oi  r».r»»v. 

OS  n.,l,,i  1*. 

i il  l 

! ii  \ 

w,  l'l  /'  Ml  - ii  l 
(i  . M.,*P  1 1 - 0 1 

ii . 1 1>7',  71  0 3 
i».*.MVH  n i 

0 , 1 t ! r.  1 1 

u,s  M.MF 

0.3 

n 3 

r.w,  ;rt 


Pl  |P  Mltil  S 

Pr,r*M  i,p<*  t i « . ;<i  ‘-|{  i.n.inj  i » 

I Mill  S.*M»  Tl-  -1.1.11  r JO.fHlI/.  ‘-I/.T 


At  Tl  Mil  II  I*  HIT  TAl’lS  IU  t I * f A I *« 


Ml  ' ! •‘O  t-i  . / O If  • a 

f A 1 1>-  \ . -M)  til  «.»•!»  I f "I  * = 


I i *i  i . * > * i '»/:■! 
n / 1 . M i.  v m i / : t 


A.  H 


PIREP  TEST  PROBLEM  4 

..._  HOT  parts  .suppression  I. 


PIPEP  EXTENSION.  S.TUDY 

ELEVATION  ANGlE=  0.  DEGREES 

ASPECT  RAT IILje- .1.00 

ASPECT  aN^LE  a 0.  DEGREES 
RANGE  * 50000.00  FEET 


CASE  6 


i 


PLUME  IK  TOTALS 


FROM  1^80  TO  2^70  MICRONS’ s’  0,003t  WT/ST 

FROM  3.90  TO  0.80  MICRONS  = 0,1129  WT/ST 


ATTENUATED  HOT  PARTS  IR  TOTALS 

FROM  l^flO  TO  2,70  MICRONS  = 242,1330^  WT/ST 

FROM  3.90  TO  4.80  MICRONS  * 286,9192  WT/ST 


PIRFP  TEST  PROBLEM  « 

J1QT  parts  SUPPRESS IQN_I _ 

CASE  7 


PIREP  EXTENSION  ATUQ.Y 

ELEVATION  ANGLE*  0,  DEGREES 

ASPECT  RATIO, a 1.00  

ASPECT  ANGLE  * 30.00  DEGREES 

range  S 0.  FEET 


PLUME  IR  TOTALS 

FROM  1.80  TO  2 770  MICRONS  =■  8,3132  WT/ST 

FROM  3.90  TO  4.'80  MICRONS  s 174,6405  WT/ST 


ATTENUATED  HOT  PARTS  IR  TOTALS 


FROM  1 'BO  TO  2,70  MICRONS  s 997,6527  WT/ST 

FROM  3.90  TO  4.80  MIcRONS  * 759,7791  WT/ST 


A- 34 


PIRF?  TEST  PROBLEM  U 

HOT  PARTS  SUPPRESSION..  I ..  

CASE  8 


PI  REP  EXTENSION  STUDY. 

ELEVATION  ANGLES  o.  DEGREES 

.ASPECT  RATIO,  j L»G0  

ASPECT  ANGLE  s 30,00  DEGREES 
RANGE  a 50000.00  FEET 


PLUME  iR  TOTALS 

FROM  l^aO  TO  2^70  MI<*RONS~s  0. 0 17b  WT /ST 

FROM  3.90  TO  4,80  MICRONS  = 0,6879  NT /ST 


ATTENUATED  HOT  PARTS  IR  TOTALS 

from  1^'ao  TO  2.70  MICRONS  S 209.6936  WT/ST 

FROM  3.90  TO  tt. 80  MICRONS  * 288,0796  WT/ST 


PIRFP  TEST  PROBLEM  8 

HOT  PARTS  SUPPRESSION^ 

CASE  9 


PIREP  EXTENSION  STUDY 

ELEVATION  ANGLES  0.  DEGREES 
ASPECT  RATIO  = 1,00 

A3PECT  ANGLE  s 0,  DEGREES 

RANGE  » 0.  FEET 


A-35 


flMUUST  HI  1 f PfcHTJ  | NPL'T  /MiU  1U 

MOPf  UH>*fW4T|i«l  P«i!JffTrr  AWHS  < * V ) A*  1 « ! " A'-lCT  A .,L» 

*U"St*  <«)  <*,  JO.O 

. 1 H0®.0  53i.r.  4«).> 


k*P  m 1.  l)lC«Cf>, 

^AVttn&TM  HASP 

l.fl  - 2,7 

tlmal  Mission  ■ 

-A»f  *- • DtCRCfl* RAVlLINGIH  BAND  3.*  -.*,i !UT»L  EHISSIQ**  » 154,23 


ASP 

»«.ccn8c«rt». 

RAytltRftTM  SANp 

t,»  - *.»' 

Il'tlL  fl»S10M  • 

" 1*4. 

ASP 

• w.MMGnr*. 

»AV(LIHC1H  M-tf) 

!••  - «.• 

l(H»l  [l"ISJ|0«.S  • 

1*5,  U 

24  TOTAL! _ 

rpntt  %^§9  tp  i.?o  PicRnns  ■ l.«m  -t/st 
,_fllO*  3.44  To  ■•ec  MlCPPNJ  " *T/3T 


..  _ M»w«ATrt>  hot  pa»t$  i*  totals 

ran*  1^*0  T|»  ^,70  HlfROKS  « 2*3. ftllc  *T/3T 

... Thom  s.*e  to  w.so  **irp™3  * -f/st 


pirep  Tts:  problem  4 

HOT  PARTS  SUPPRESSION  I _ 

CASE  10 


PIREP  EXTENSION  STUQY 

ELEVATION  ANGIE*  0.  DEGREES 

ASRfctl.  RATICL_5__  1*40 

ASPECT  ANGLE  x 0.  DEGREES 
RANGE  a 50000.00  FEET 


PLUME  IR  TOTALS 

FROM  1^80  TO  "2,70  MICRONS  s 0.0031  WT/ST 

FROM  3.00  TO  4.80  MICRONS  = 0.1129  HT/ST 


ATTENUATED  HOT  PARTS  IR  TOTALS 

FROM  1 ^80  'to  2.~70  MICRONS  s "58,8667  NT /ST 

FROM  3.90  TO  4.80  MICRONS  s 149.2060  W./ST 


PIREP  TEST  PROBLEM  4 

H0.TL-PARTS..SUP.PSES9IDN  I 

CASE  It 

PIREP.  EXTENSION  STUDY. 

ELEVATION  ANGLE*  0.  DEGREES 

ASPECT  RATIO  s 1.00  - - - /• 

ASPECT  ANGLE  s 30.00  DEGREES 
RANGE  * 0,  FEET 


PLUME  IR  TOTALS 


FROM  1.80  To  2.70  MICRONS  = 8,3132  WT/ST 

FROM  3.90  TO  4.80  MICRONS  * 174,6405  WT/ST 


ATTENUATED  HOT  PARTS  IR  TOTALS 


FROM  1,’ 80  TO  2,70  MICRONS  * 25«,2766  WT/ST 

FROM  3.90  TO  4.80  MICRONS  s 395,1063  Wf/ST 


PIRFP  TFST  PROBLEM  0 

HOT  parts  suppression  I . 

CASE  \Z 


...  P I RLP  EXTENSION  .1T.UDV 


ELEVATION  ANf-LE  = 0,  DESrEES 

-ASPECT-RATIO  .* _1.00 

ASPECT  ANlftE  S 30.00  DEGREES 
RANGE  ■ 50000.00  FEET 


PLUME  I*  TOTALS 

"from  1 ^ 80  TO  2^70  MICRONS  a 0,0176  WT/ST 

FROM  3.91)  TO  <1.80  MICRONS  * 0,6479  MT/ST 


ATTENUATED  MOT  PARTS  IR  TOTALS 

” From  l ^80  To  2.70  MICRONS  s 50,9801  wtTsT 
FROM  3,90  TO  4.80  MICRONS  * 129,2163  WT/ST 
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PlHf-P  TEST  PROBLEM  5 

_HOT ...PARTS  SUPPRESS LO^L  I J 

CASE  1 

Ak -g-lBEg  OUJ.PUI— A* 

T7  13&8.00  T5  2008.00 

E8 56.82 A 8 51$  *.6.0. 

PAMB  14,70  *M  1,00 

VCl*  0.  ALT  0, 

_ _ PAR fLa.QJ 


IR  INDICES 

l .'8-2.7  3.*R-4.'8 

PLUME  1 7 * 349, 

HOT  PTS  2010.  1298. 


PIREP  TEST  PROBLEM  5 

HOT  PARIS  SUPPRESSION  II 

CASE  1 

PIPEP  EXTENSION  . STUDY 

elevation  angles  0.  DEGREES 

A3PECI-.RATIQ.  s L • GO  _ „ 

ASPECT  ANGLE  a 0.  DEGREES 

RANGE  a 0.  EEET 


EXTENDED  HOT  PARTS  GEOMETRY 


EXHAUST.  SUBF.ACJL-COORDLNaTES  * _1N.# _j 

6#  3*.\‘0  50,00  70.05  ; 

20*00 2SU00  13,55  - 1«.6{L - _{ 


CEnTERBODY  ..CQQRO  THATES,  IN,/ 

0.  13.00 

10,00  0. 
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system  internal  view  factors 

F(  If  Da  0*50261  Ft  1*  1)8  Q, 50261 
F(  li  2)8  0,2056*  Ft  2,  1)8  0,A52?2 
F(  1,  3)8  0,02001  Ft  3,  1)b  0,06060 
Ft  1#  «)«  0,004)2  Ft  4,  1)6  6,  ? 1547 
Ft  1,  5)8  o,102?0  F(  5,  Da  0,72*14 
F(  1#  6)«  o,017o7  Ft  6<  1)8  0.09611 


AREAt  1)8 

Ft  2,  1)8  0,15272 
Ft  2#  2)8  0,415)4 
Ft  2,  3)8  0,11355 
Ft  2t  4 ) * 0,0328* 

Ft  2#  5)8  o.070o7 
Ft  It  0)8  0,02086 

AREAt  2)8 

Ft  3,  l)a  0.06060 
Ff  ),  2)a  0,14326 
Ft  3#  3)8  0,50482 
Ft  3#  4)8  0,00373 
Ft  3#  5)«  0.010)9 
Ft  3«  6)8  0.3181) 

AREAt  3)b 

Ft  4,  1)b  0.71547 
F < 4,  2)8  0,16277 
Ft  4,  3)8  0.01463 
Ft  4,  4)8  o. 

Ft  4,  5)8  0.0782* 

Ft  4,  6)8  QfQ2094 

AREA t 4)5 

F(  5,  1)8  (,  72*14 
F ( 5#  2)8  f 182U 
Ft  5,  3)*  0.01*22 
Ft  5#  4)8  0.03690 
Ft  5,  5)t  0, 

Ft  5#  6)8  0.034H 

AREAt  5)b 

r<  6#  i ) 8 0.0*611 
Ft  6,  2)8  0,06047 
Ft  6,  3)8  0.S27S1 
Ft  6.  4)8  o.01*|0 
Ft  6 t 5)8  0.04801 
Ft  6,  6)8  o, 

AREAt  6)8 


376*. 91  SG,  IN, 

Ft  1,  2)b  0,2056* 
Ft  2t  2)8  0,4)534 
Ft  3,  2)8  0,14 326 
Ft  4,  2)8  0,16277 
Ft  5,  2)8  0,10211 
Ft  6,  2)8  0,06047 
2198,40  SO,  IN, 

Ft  l,  3)8  0,02801 
Ft  2,  3)8  0,11355 
!'  t 3,  3)8  0,50402 
Ft  4 i 3)8  0,01463 
Ft  5,  3)«  0,01922 
Ft  6 t 3)6  0,82781 
I7a2.'51  SU.  in. 

Ft  1,  4)8  0,U8432 
Ft  2t  4)8  0.03209 
Ft  3,  4)s  0,00373 
Ft  4 r 4)8  0,* 

Ft  5 f 4)8  0,03690 
Ft  6 r 4)«  0,61920 
444.29  90,  IN,'  * " 

Ft  1,  5)8  0,18228 
Ft  2t  5)8  0.U7807 
Ft  3,  5)8  0, 61039 
Ft  4,  5)*  0,6702* 
Ft  5,  5)8  6," 

Tt  kt  5)8  6,04801 
*42,'48  90,  IN, 

Ft  1,  6)8  0,01707 
Ft  2,  6)8  0,62086 
Ft  3.  6)6  6, 31913 
Ft  4,  6)a  6,028*4 
Ft  Sr  6)8  6,03411 
Ft  6.  6)8  0,' 

669.' 66  SO,  IN, 


A-40 


ckhauit  mot  mti  jrrut/outrut 


• *****»****«*«»»**»»!l**»» 

~NOO*  T*M:**RATURt""  ~>*r.J*CT*D~ARtAl  (1N*1  AT  £AC*  A*2*LT  ANCLE 

N'JMRER  on  0,  10,0 


I *00",# 
_ - 1 IjM.t 
1 1144.4 

4 t«0,< 

j ...  no».o 


0,  IT*,* 

4#  T*,* 

III.*  311,1 

111.1  >. 

LllM  o. 


NOOE 


*.•**<•*.  »*  A A ...  . 

ARIA  BI4ECT  RL2LICTE0 

{MISSION*  EMISSION* 

(Ofl.lHCM**},  (N*TTl/STt»AVlAN) 


*..*.* 


RADIOII t V 


CUMULATIVE 

EM»S|UNI 


I 

1 

s 

* 

* 


Air  ■ I,  DECREE*,  - navelenctm  sand  _ 


4, 

4. 

4.1 10*4F 

11 

|St4T*e 

02 

1, 

1, 

4, 1|12*E  42 

4.1IJSI* 

41 

1 f*'«l 

43 

4, 3*0*OE  01 

4.2UTTE 

*1 

t , 1 47 1 4* 

44 

4,*]|%*E*Q1 

1 • 2,7 

TUI AL  EHISOIUNI  a 2217,11 

1. 

0 ,2*1  toe  01 

1. 

4.  null  01 

0.37*01* 

02 

6, IlOQOE  02 

0.1 147 7C 

0* 

S,lr*4Tt  01 

O.|o724t 

0* 

0 , 1 1 3 7 >E  04 

AW  a I,  DECREES, 


NAVELENSTM  sand  1,4  - 4,1 


V0JAL  **1**10**  b„. 1410,51 


| 

0, 

O' 

4, 

4. 

0, 1*00  IE 

ol 

: 2 

4, 

4. 

- 4, 

0. 

»,l*l*4t 

02  

5 

l.tSOkll  41 

4,43414*  01 

4,14147*  42 

1.1141*1  O* 

0,kf4l*t 

02 

4 

4. 1I1SIE  *1 

*'***•*1  *1 

1,22111*  *1 

e.Tiatu  ol 

4,10 | 44E 

01 

3 

4.21*771  41 

••*1171*  41 

- 4.4I103E-4I. 

•.sum  os 

4,*»o«>*t 

01  

AtP  a M.CfDEtREEt,  HAVEItNGTH  SaND  l.S  • 1,7  TO] AL  EMISSIONS  a 


4.17*441 

41 

•:*i4i** 

•i 

4,1*71**  41 

4.»27jSt 

ol 

0,00*01* 

M 

4,7**170 

• 2 

•'|4**4E 

02  - 

0,3*244*  02 

0.7*1141 

0* 

4.20*23* 

02 

4.31)21* 

41 

•,*4***4 

*2 

4.72*11*  02 

0.117*11 

ol 

G,ao««2t 

02 

«. 

l' 

4, 

0. 

6,2243*1 

02 

1. 

•: 

4. 

4. 

6,10*4 7t 

Oi 

114.21 


A»  a H.lsDECRErs,  MAVELCnCTH  sand 


4,1 7*goE 

41 

• ’277*1*  *1 

4,12410* 

41 

4,7*017* 

42 

4,14443*  02 

4,42211* 

02 

4.11|2« 

4. 

11 

4,|114»t  01 

4. 

4,71*2 H 
4, 

42 

4. 

4, 

4. 

« • 4,4 

IUIAL  EMISSIONS  a *41,44 

0.4«3*Jt 

Ol 

0.1*0 lit  03 

4.7247*1 

02 

4,3«10Vt  02  - - 

0.243*7* 

41 

6,10.041  01 

0. 

6,14024*  02 

0. 

4,34*011.  02 

plum  1*  TOTALS 

Iron  I, St  TO  I.E4  NltRON*  a 1.44ft  RT/IT 

rtrw  VM  Tn  i.s«  «*/■? 


ATHWATID  MOT  PAST*  IR  TOTAL* 
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PIREP  TEST  Problem  5 
HOT  PARTS  SUPPRESSION  II 


PIREP  EXTENSION  STUDY 

ELEVATION  ANCLE*  0,  DECREES 
ASPECT  RATIO  II  1,00 
ASPECT  ANCLE  m 0.  DEGrEES 
RANGE  ■ 50000,00  FEEr 


PLUME  JR  TOTALS 

FROM  1,60  TO  2,|0  MICRONS  * 
FROM  S, 90  TO  O.flo  MlcRONS  * 


ATTENUATED  HOT  parts  ir  totals 

FROM  1,80  TO  2,f0  MICRONS  R 
FROM  3.90  TO  <l,oo  MlcRONS  * 


pirep  test  Problem  5 

HOT  PARTS  SUPPRESSION  II 


pirep  extension  Study 

ELEVATION  ANGLE*  o,  DEGREES 
ASPECT  ratio  * 1,00 

ASPECT  angle  ■ 30,00  DEGREES 

ftANGE  15  0,  FEET 


plume  rR  totals 

from  1,80  TO  2, to  MICRONS  * 
FROM  3,90  TO  4, so  MlcRONS  ■ 


ATTENUATED  hot  parts  IR  TOTALS 

from  1,80  TO  2,10  MlcRONS  * 
From  3,90  To  4, SO  MICRONS  ■ 


CASE  * 


0,0031  WT/ST 
0,1129  Mt /ST 


473,2798  NT/3T 
461,2534  NVST 


CASE  i 


8,3132  RT/ST 
174,6405  wt/ST 


839,2278  NT/ST 
683,8834  Nt/ST 
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PIREP  TEST  PROBLEM  5 
HOT  PARTS  SUPPRESSION  II 

CASE  4 

pirep  extension  Study 

ELEVATION  ANCLE*  o.  decrees 
ASPECT  RATIO  a 1,00 
ASPECT  angle  b 30*00  DEGftfES 
RANGE  b 50000*00  FEEt 


PLUME  JR  tDTalS 

FROM  1,80  TO  2,vo  MICRONS  » 0,0176  WT/3T 

FROM  Z.QO  TO  4#bo  MICRONS  » 0,6479  WT/ST 


attenuated  hot  parts  ir  totals 

FROM  1,80  TO  2,fo  MICRONS  ■ 176,37115  NT/ST 

FROM  3,90  TO  «,go  MICRONS  ■ 223,6585  nT/ST 


PTPrP  TEST  PROBLEM  5 
_ ..  HOT  PARTS  SUPPRESSION  II 

CASE  5 

pirep  extension  study 

ELEVATION  ANGLE=  0.  DEGREES 
ASPECT  RATIO  =.  1.00 

ASPECT  AN!fLE  = 0,  DEGREES 

RANGE  = 0,  FEET 


FXTENOED  HOT  PARTS  GEOMfTRY 


exhaust,  surface  coordinates,  IN, 

0,  30  00  50,00  70,00 

20,00  20*CO  13,05  10.60 


CFNTFRBODY  COORDINATES, IN,/ 
C,  J0.00 

10,00  0. 


A-4  3 


System  internal  view  factors 


F< 

If 

!)■ 

0,30261 

Ft 

If 

1)9 

0,50261 

F ( 

1> 

2)9 

0.2056’ 

F ( 

2 f 

n* 

0,35272 

F( 

If 

3)  ■ 

0.02001 

F ( 

3f 

1)» 

6,06060 

F ( 

If 

4)9 

0.00432 

Ft 

4 f 

I)* 

0,?!$4? 

F ( 

if 

5)9 

0,10220 

F ( 

5* 

1)9 

6,72914 

Ft 

if 

6)9 

0.01T07 

F ( 

6 f 

n» 

0,09611 
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0,1  1 7 1 OF  >01 


FtUMf  1*  totals 


FPOm  1,00  TO  2.70  ffICRONS  * 

FROM  3,90  TO  O.AO  »*  | COHN'S  * 


1.4491 

j« ,4410 


M TFNlMTF D HOT  PaM'5  ]«  jfiTALS 

from  l^>p  to  2.70  A-irFOMS  * 1 12*>. r»320 

FROM  3.90  To  4.K0  MICRONS  * 7*»9.0747 


PIReP  TEST  PROBLEM  b 
ho r parts  suppression  n 

CASE  6 


_ PIKER  EMILMSI.ON  STUDY. 

ELEVATION  ANGLE=  0.  DEGREES 

l_..  ASPECT  RATIO  s« L.Og 

I ASPECT  ANl»LE  = 0,  DEGRtES 

RANGE  = 50000.00  FEET 


PLUME  IR  T0Y ALS 

FROM  1^80  TO  2,  0 MICRONS  = O^OoTl  HT/ST 

FROM  3.90  TO  4.8(  MICRONS  = 0,1129  WT/ST 


ATTENUATED  HOT  PARTS  IR  TOTALS 

FROM  1^80  TO  2^70  MICRONS  » 238.3871  HT/ST 

From  3.90  TQ  4.80  MICRONS  = 208,2992  WT/ST 


pirep  test  problem  5 

HOI  PARTS  SUPPRESSia'YLJJ  

CASE  7 


PIREP-  EXTENSION  STUDY 

ELEVATION  ANGLES  0.  DEGREES 

ASPECT  RATIO  s 1.00 ...  . ...... 

ASPECT  ANGLE  - 3(3. CO  DECREES 

RANGE  * 0.  FEET 


PLUME  IR  TOTALS 


FROM  1 ,80  TO  2.70 

c nnu  n«  Vn  >i  a n 

• nun  • ^ v i u "9t  wv 


MICRONS  S 8,3132  WT/ST 

uT  ronilC  * l 111  kil  aC  UT  / AT 

l‘  ILI'U"!/  — * » 


ATTENUATED  HOT  PARTS  IR  TOTALS 


FROM 

1^80  TO  2,70 

microns  - 

784,3929 

WT/ST 

from 

3.90  TO  4,80 

MICRONS  = 

678,3499 

WT/ST 
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PIREP  TEST  PROBLEM  S 

HOT  PARTS  SUPPRESSION  II  ...  

CASE  8 


...  PIPPP  EXTENSION.. STUDY 

ELEVATION  ANGLES  0,  DEGREES 

__  ASPECT  RATIO  

ASPECT  AflGl£  s 30.00  DEGREES 
RANGE  * 30000.00  FEET 


PLUME  IR  TOTALS 

FROM  UT0  TO  2J7O  MICRONS  a 0,0176  WT/ST 

FROM  3.90  TO  4.00  MICRONS  s 0,6479  NT/ST 


ATTENUATED  HOT  PARTS  IR  TOTALS 

from  i^eo  fo  T^o  microns  = i6«,5on  ht7st 

from  3.90  TO  4.00  MICRONS  * 221,0488  MT/ST 


PIREP  TEST  PROBLEM  5 

HOT  PARIS.  .SUPPRESSION  IJL  

CASE  9 

PIREP  EXTENSION  STUDY  

ELEVATION  ANGLE*  0,  DEGREES 

ASPECT  RATIO  * 1.00 

ASPECT  ANGLE  = 0.  DEGREES 

RANGE  - 0.  FEET 


EXTENDED  Hnr  PARTS  GEOMETRY 


EXMAUST—SUPEACE..COORD  IiVAlES#._.l6Lft 

0,  30.00  50,00  70,00 

20.Q9.__20.jQO  13.05  14,60  ..... 


. . CENTEP0ODY  COORDINATES,  IN,/ 
0,  10,00 
ic.oa  0. 
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PTHEP  TEST  PROBLEM  S' 

MOT  PARTS  SUPPRESSION  II 

CASE  10 

PIREP.  .EXTENSION  STUDY 

ELEVATION  ANGLES  0.  OlGrEES 

ASPECT.  RATIO...*. 1,110.  

ASPECT  ANGLE  a 0*  DEGREES 
RANGE  ■ 50000.00  FEET 


PLUME  I R TOTALS 

from  i\’so  to  2.’7o~  microns  = o,oo3t  wT7sT 

FROM  3.90  TO  0.80  MICRONS  x 0,1129  WT/3T 


ATTENUATED  HOT  PARTS  IR  TOTALS 

F ROM  1 *'80  TO  2.70  MICRONS  s 304.8907  WT/ST 

FROM  3.90  TO  4.80  MICRnNS  « 297.2006  WT/ST 


PIREP  TEST  PROBLEM  5 

__HCU_  PARIS.  SUPPRESS  10!? _1 1_ ..  

CASE  II 

PIREP  EXTENSION  STUD*  

* 

ELEVATION  ANGLES  o.  DEGREES 

ASPECT  RATIO  s l.oo  

ASPECT  ANGLE  * 30.00  DEGREES 

RANGE  * 0.  FfFT 


PLUME  IR  TOTALS 

FROM  l^flO  TO  2.70  MICRONS  = 6,3132  WT/ST 

FROM  3.90  TO  0.80  MICRONS  s 170,6405  WT/ST 


ATTENUATED  HOT  PARTS  IR  TOTALS 


FROM  1^80  TO  2.70  MICRONS  a 746,3737  WT/ST 

FROM  3.90  TO  4.80  MICRONS  » 558,6503  WT/ST 


n 


PIREP  TEST  PpnnUEM  5 

_.  _ ....  . .bQt  PARTS  30pPRESS I0N  II  

CASE  12 

P I REE.  JLX.T.EHS IQN. ..SU'D Y _.  

ELEVATION  ANGLE*  0.  DEGREES 

ASPECT  RATIO  j*. L.00 

ASPECT  ANGLE  « 30.00  DEGREE- 

RANGE  s 50000.00  FEET 


PLUME  IR  TOTALS 

FROM ~T .SO-  TQ2,70  MICRONS^*  0 .0 176  NT/ST 

FROM  3.90  TO  4.'ft0  MICRONS  * 0,6479  NT/ST 


ATTENUATED  HOT  PART-  TP  TOTALS 

FROM  Wee  TO  2.70  MICRONS*  157,3289  MT/ST 

FROM  3.'q0  TO  4.80  MICRONS  = 182,7020  WT/3T 


PIREP  TEST  PROBLEM  5 

HOT  PARTS  ...SUPPRESSION  II 

CASE  13 

_ PIREP.. EXTENSLGLN.STUDY  . 

elevation  angle*  o.  degrees 

. ASPECT.  PAJIQ_*  1.00  

ASPECT  angle  s 0.  DEGREES 

RANGE  * 0.  FEET 


extended  HOT  parts  geometry 


EXHAUST  SURFACE.  COORD  I MATES* ..IN. 

0.  30.00  50.00  70.00 

20. OC  20,00.  ...  13.05  14.. 60 


CENTERBODY  COORDINATES*  IN«_Z_ 

0,  10.00 

10.00  0. 


I 
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PIREP  TEST  P(JnHLfH  5 
HOT  PARTS  SUPPRESSION  II 


PIREP  EXTENSION  SrilOV 

elevation  angle*  o,  degrees 
ASPECT  RATIO  . UUO 
ASPECT  ANCLE  b 0.  DEGREES 
RANGE  * 50000.00  FEET 


PLUME  ir  totals 

FROM  1,80  TO  2, fO  MICRONS  * 
FROM  3,00  TO  4 . HO  MICRONS  * 


ATTENUATED  HOT  PARTS  IR  TOTALS 

FROM  1,80  TO  2, fo  MICRONS  * 
FROM  3,00  TO  4, go  MICRONS  * 


PIREP  TEST  Problem  5 
hot  parts  SUPPRESSION  II 


PIREP  extension  Study 

ELEVATION  angle*  0,  DECREES 
ASPECT  RATIO  ■ 1,00 

ASPECT  ANGLE  « 30,00  DEGREES 

range  ■ o,  feet 


PLUME  IR  TOTALS 

from  1,80  TO  *.f0  MICRONS  * 
FROM  3,90  TO  4, SO  MICRONS  ■ 


ATTENUATED  HOT  PARTS  IR  TOTALS 

From  i,ao  To  2,*o  microns  ■ 
From  3,90  TO  4,|o  MICRONS  *> 


CASE  1« 


0,0031  NT. ’ST 
0,1129  MT/HT 


304,8656  HT/ST 
297,1722  Hl/ST 


CASE  16 


8,3132  WT/3T 
174,6405  NT/S7 


746,0902  WT/8T 
558,4434  Ml /ST 
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PIREP  TEST  PftnBLEM  5 
HOT  PARTS  SUPPRESSION  II 

CASE  lb 


PIREP  EXTENSION  study 

ELEVATION  ANCLEh  o,  DEGrEES 
ASPECT  RATIO  ■ 1,00 

aspect  angle  b SO. 00  DEGREES 
RANGE  » 50000.00  FEEt 


PLUME  IR  TOTAL* 

From  1,80  TO  2,10  MICRONS  ■ 0,0176  *T/ST 

FROM  5.00  TO  4,90  MICRONS  * 0,6479  *T/ST 


attenuated  hot  parts  ir  totals 

From  l.ao  TO  2,10  MlC-RONS  » 157,2692  MT/JfT 

FROM  3.90  TO  4,90  MlfRONS  R 102,6344  WT/ST 


PIREP  TEST  PpnflLE M 5 
.H  QL_  R ART  S..S.U  PPRESSIJON._II 


CASE  \~1 


PIREP  EXTENSION  .STUDY 

ELEVATION  ANGLF=  0.  DEGREES 

ASPECT  RATIO  = 1.90. 

ASPECT  ANGLE  = 0.  DEGREES 

RANGE  = 0.  FEET 

EXTENDED  hot  parts  GEQMFTBY 
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pirep  test  Problem  5 

mot  PARTS  SUPPRESSION  II 

CASE  1« 


pirep  extension  Study 

ELEVATION  ANGLE"  0,  DEGrEES 
ASPECT  RATIO  * 1,00 

ASPECT  ANGLE  a o.  DEGrEES 
RANGE  « 50000,00  FEEy 


PLUME  IR  TOTALS 

PROM  1,80  TO  2,to  MICRONS  * 0,0031  WT/ST 

PROM  3.90  TO  a.RO  MICRONS  ■ 0,1120  MT/ST 


ATTENUATED  HOT  PaRYS  In  totals 

PRO-*  1,80  TO  2, to  MICRONS  ■ 560eo20B  WT/aT 

PROM  3,90  TO  4,§o  MICRONS  ■ 5a0,«62«  MT/St 


pirep  test  Problem  5 

HOT  PARTS  SUPPRESSION  II 

CASE  IN 


PIREF  EXTENSION  StuDY 

ELEVATION  ANGLE*  0,  DEGrEES 
ASPECT  RATIO  * 1,00 

ASPECT  ANGLE  * 30,00  DEGREES 

RANGE  ■ 0,  PEEt 


PLUME  IR  TOTALS 

PROM  1,80  TO  2, fo  MICRONS  * 8, 3132  WT/3T 

PROM  3,90  TO  «,jo  MICRON3  * 174,6*05  W1/ST 


attenuated  HOT  PARTS  IR  totals 

PROM  1,80  TU  2, jo  MICRONS  • 2916,0279  WT/8T 

PROM  3,90  TO  4,80  MIC«QNS  • 1313,7351  WT/8T 
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PIREP  TEST  Problem  5 

;-:CT  OAF.'TS  SLV^C5y»OM  n 

CASE  2<J 


PIREP  EXTENSION  StuDY 

ELEVATION  ANGLE*  0,  DEGrFES 
A9PECT  RATIO  ■ 1.00 

A9PE£T  ANGLf  « 30,00  DEGREES 

RANGE  « 50000,00  FEEt 


PLUME  IR  TOTALS 

from  !„80  TO  2,70  .ICRONS  « 0,0176  HT/3T 

FROM  3,90  TO  MIcRONS  » 0,6079  WT/3T 


attenuated  HOT  PARTS  IR  totals 

FROM  1.S0  TU  2,70  MICRONS  * «25,«550  WT/3T 

From  3,90  TO  9, po  MICRONS  ■ 029,6060  WT/3T 


PIREP  TEST  PROBLEM  5 

HOT  PARTS  SUPPRESSION  U. 

CASE  21 


PI«EP  EXTENSION  STUDY 


ELEVATION  ANGLF= 
ASPECT  RATIO  = 

A 3PEC  T AN^le  s 
RANGE  s 


0.  DEGREES 
1.00  .. 

0.  DEGREES 

0.  REE  r 


EXTENDED  HOT  PARTS  GFllMfTRY 


EXHAUST  SURFACE  COORDINATES,  IN. 
0,  50.00  70.00 

20,00  23.80  19.60 
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PIREP  TEST  PROBLEM  5 
HOT  PARTS  SUPPRESSION  II 


pirep  extension  Study 

ELEVATION  ancle*  o,  DEGREES 

aspect  ratio  . 1.00 

ASPECT  angle  * 0,  decrees 

RANGE  ■ 50000*. 00  TEEt 


PLUME  IR  totals 

PROM  1,80  TO  2,jo  MICRONS  • 0 

FROM  3,00  TO  4, so  Mlr.RONS  ■ 0 


ATTENUATED  hot  Pi'.RTS  IR  TOTALS 

FROM  1.80  TO  2,f0  MICRONS  s 20 

From  3.00  TO  4,00  MICRONS  * 64 


PIREP  TEST  Problem  5 
HOT  PARTS  SUPPRESSION  II 


PIREP  EXTENSION  STUDY 

ELEVATION  ANGLE*  0,  DEGREES 
ASPECT  RATIO  • 1,00 

ASPECT  ANGLE  ■ 30,00  DEGREES 

RANGE  • 0,  FEET 


PLUME  IR  TOTALS 

FROM  1,80  TO  2,f0  MIc«0NS  * 
FROM  3,00  TO  4,80  MICRONS  * 


attenuated  hot  parts  ir  totai  s 

from  t.SO  TO  2,90  MICROS  * 
FROM  3,00  TO  4,60  MlcROr.S  P 


CASE  22 


0031  NT/ST 
1 1 20  NT/ST 


5016  WT/3T 
023?  Wt/ST 


CAt  21 


S, 31 32  NT/ST 
174,6405  WT/ST 


440,17*7  W|/»T 

366,1573  wf /ST 
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PIREP  TEST  PpaBLEM  3 
HOT  'APTS  SUPPRESSION  II 

CASE  2« 


pirep  extension  study 

ELEVATION  ANGLE*  0,  DECREES 
ASPECT  RATIO  ■ 1.00 

ASPECT  ANHE  ■ 30,00  DEGrEES 

RANGE  * 50000,00  FEET 


PLUME  IR  TOTALS 

FROM  USC  TO  2, fa  MICRONS  * 0,01/fc  WT/5T 

EROM  j.90  TO  a.go  MICRONS  ■ 0,6474  Wt/8T 


/TTl’NUATED  hot  parts  IR  totals 

FROM  1,80  TO  2, to  MICR0N8  * 94,4345  *T/ST 

r.TOM  3,90  TO  4,80  MJrRONS  ■ 126,2896  *T/«T 


CASE  25 


PIREP  EXTENSION  STUDY.  ..... 

ELEVATION  ANGLE*  0.  DEGREES 
ASPECT  RATIQ  s 1.00 
ASPECT  aNHE  = 0.  DEGREES 

PANGF  = 0.  FEET 

EXTENDED  HOT  PARTS  GEOMETRY 


PXHAL'ST  SURFACE.  COORDINATES.  IH. 

0,  50.00  70.00 

20,00  23.80  14,60 


CF.NTEPBOOY  COORDINATES,  IN./ 
0.  30.00  50.00  70, no 

10.00  10.00  ?o  no  or 


' -6  3 


• yITCM  tNT(»N*L  vtfM  FtCTUft* 


■<  H in  »,*  0 t 0 - 

Ft  i<  n« 

;t  i*  »>« 

— F c.  U «)*  o.iotT* 

Ft  it  »!•  I, 

Ft  i>  *i*  i.titii 
Ft-l»_71o 


iwe*<  nt  TOoi.'io  »q,  jh. 


ri  I.  Ill  •>a«gIB. 
Ft  2.  !)■  4,(412* 
Ft  I*  II*  »,*)79« 

- Ft.4._l)*  #f*l«oi 

F c S'  I )■  0, 

Ft  *<  II*  4,»H»5 
Ft.  T«l  d»  a, 4007# 


-Ct-2a-l)*  4.1492* 

Ft  2f  2)o  «(2ntt 
Ft  <«  I)*  4, *4*1* 
j..2)s  *,un*. 
l>  Do  o.ori«2 
rf  it  *)■  «.«l«o2 
■l-**-7)*  4,1 1**4 

2M*(  >]■  2*11.77  IQ. 


-r< 

Ft 

Ft 

ji 

Ft 

rt 

-Ft 


2)«  1,11*** 
2)0  #,2l it* 
2)»  #.*121* 
2)»  0,vJ7*2 
2)o  ♦,) •*•* 
2)*  #.*2*00 
#)• 
tN,  ■ 


—Ft— I'  II*  0«#S7|t  _ 
Ft  I'  D*  1,112** 

Ft  I.  ])•  |, 

-FC  1,  «• 

Ft  >#  1>»  «, 

Ft  it  *)*  I, lll)t 


M^x,.  FI*  *• 


FI 
Ft 
—Ft 
Ft 
Ft 
—Ft 


sw  )>■  l#l*.r0*  IQ, 


Do  *,22*11 

I#  ))•  4,u041* 

!»  «•  *, 

*»- D*  #,00*71 

it  »)•  #,' 

3>*  V, 21*07 
)>•  4,.- 

r».  ‘ 


Ft-*.  1)»  o.Iolol  . 

Ft  «i  1)1  0, 0)7*2 
Ft  0#  ))•  0.t«#7# 

Ft  0.  *)•  o. 

Ft  4.  SI*  #. 

F{  4>  *)•  0,0)210 

Ft  *.  TJ.  o. 

Altai  Ota 


—Ft  l. 
Ft  2. 
Ft  ), 
-Ft  0. 
Ft  1, 
Ft  *. 


0)o  1,2*170 
*!■  #,020*0 
*)■  #,#0001 
•)»  *«' 

*)0  «, 

• |*  6,0*0  1 0 


Ft  I. 
F ( S. 
Ft  4. 
Ft  S. 
Ft  S» 
Ft  S, 
Ft  1. 


-Ft-*. 

Ft  *. 
Ft  4, 
Ft  *. 
Ft  *, 
Ft  *' 
-Ft  *. 


Ft  7. 
Ft  7, 


Ft 

Ft 

Ft 

Ft 


«»»  0. 

Do  *,74*0* 
J)«  0. 

«>•  #. 

*)»  0, 

*)*  0. 

7)0  0,t«*2i 
«M*(  It* 

1) 0  o.flllol 
2>o  0.01*00 

D*  0,2lk*7 
<)•  0.4*010 
*)»  4, 

*)•  4. 

71*  4. 

*|* 

>)*  #,4*074 

2) »  o ,*1*  *4 
)>•  o. 

«)•  4. 

>l«  4.4*124 

*>•  4n 

fit  t. 

**€*<  7|* 


- .-FI  7,  •>«  4 

2107.**  4Q.  I", 

Ft  I.  SI*  4, 

Ft  2,  II*  4,07142 

Ft  J,  S).  4,  . 

• — Ft  4*  Slo  #,  ...  _ 

Ft  1,  SI*  ♦, 

Ft  * t !)•  ♦, 

...  • 9t  **•  *.»4U0 

I7TT.11  JQ,  |ii, 

Ft  I.  *lo  4.12*01 

Ft  2,  *1*  4,0|*02 
Ft  1,  *)■  t, I 2 13 I 
Ft  *)■  4,03210 

Ft  S.  *)■  4,’ 

Ft  *.  *)•  4, 

. Ft  7,  *)*  4, 

1071,24  10,  JN, 


- -! 


Ft  1, 
Ft  2, 


Ft 

_rt 

Ft 

Ft 


7)«  4,0447) 
7)a  #,I|**o 
75*  4, 

7).  4. 

7)o  4, 1**20 
7)*  4, 


*»0.0*' io "inJ 


I 


CXMAVIT  mOT  P»«T»  IHBUT/OkTPuT 


NOW 

flBBIMriMI 

BOnJllTtO 

MUMHM 

<R» 

1. 

10. a . 

0 

•wOt.V 

a. 

41.0 

j 

not.  • 

• s 

11.1 

9 

2000,0 

0. 

9. 

4 

2o«l<0 

*. 

0. 

f 

1100.0 

70S,  7 

040.0 

* 

*100.0 

*. 

0, 

wool  ARE*  OIKICT  RtBLlCTCO 

(miIIIOnI  twllltuwt 
(»P.INCM»)f  (k»TT»/»TE»*«I*n) 


radiuoiit 


tUWiJt»T|Vl 

IH|»3IUn» 


OlB  ■ 0 

otewitt, 

wavelength  Band 

1.0  • 2,7 

TOTAL  E HI 1IIONI 

I 

*. 

0. 

V.Hlllt  .12 

a 

«! 

•I 

* a 

0. 

O.aOHIE  OI 

i 

0. 

*; 

o; 

0. 

0, 1*41 71  0| 

4 • 

*, 

0%  . . 

1, 740401  ** 

• 

0. 7*0001 

*1  0*tTlO*| 

*2  »,  *04001  }( 

0.00000|  *2 

i,l»047|  02 

a 

0. 

0. 

9,70**11  oi 

**,*4 


«»  ■ 0. 


WAVELENGTH  »AND  1,0  > 4,1 


TOUl  tHlilluNI  ■ 


§2 


0, 

0 

0. 

o' 

0- 

t, 


5TIM  91 


ti 

V • 

0* 

o‘i**m  •> 


vi 

D,2S«t>*e  oi 
jf.ii&Mr  ok 
V,«7oVV|  01 

0,4«o21e  01 

}.**”**  oi 


1*1,14 


— - iS-*  » K.OoDfOOlf  i, 


WAVELENGTH  IANQ  k,a  • 2,r 


IllUL  IHlHIUNi  ■ 


a 

1 

a 

t 

i 


«. *i»m  a* 
Mutn  n 
o, 

», 

O.lUItt  01 

*. 


O.alUOE  00 
!; 

o,io«»or  o2 


0,lJO4<JE  oj 

o.osoioc  ot 

«. 

0.111**1  02 

a. 


o.iotm  oi 
0.440011  01 
0. 

0. 

0. *22111  02 
0- 


U, llO**E  01 

01 

Oi 

V. JHBof  02 
0. 1 1114*  02 
0,ll|J2f  02 


020,00 


**'  * la,  not  cut,  t, 

wavelength  band 

i.a  . *,* 

1UML  (HlStlO* 

1 

0.410221  02 

0 *lll( 

OJ 

0,0*40*1  02 

0.210001 

01 

V.lvolU 

OJ 

I 

0.112041  02 

*.*270*1 

01 

o.kAllac  oi 

o-ioooot 

01 

0,2  ?JOE 

02 

1 

0. 

0 

0. 

0. 

U.  U.UNI 

a a 

a 

1. 

oj 

*: 

0. 

V,’2l*2  7f 

• f 

« 

«.*4«42E  OJ 

0,071721 

91 

0,10*701  02 

o.vjtaot 

02 

V l * 04  02k 

Ot 

» 

0, 

a! 

0- 

0,2«o*»r 

ot 

nm*  i*  totm.* 

BROW  I, »0  TO  r.TO  w|{ROWI  ■ 1,0*01  *T/OT 

BROW  1.00  TO  «,00  NlcROWt  ■ 10.4«|S  at/07 


1*1,2* 


ITTftMUTKD  HOT  BiNTt  I*  TO»*l  * 

Brow  |.l*  To  i.vo  hicKVhi  • 
BROW  1.00  TO  4.04  *](**)«  * 


to, *001  Wt/OT 
i.7.0117  Nf* 


A-65 


PIREP  TEST  PROBLEM  5 
HOT  PARTS  SUPPRESSION  II 

CASE  2* 


pirep  extension  study 

ELEVATION  ANGLE*  0,  DEGpEES 
ASPECT  RATIO  a 1,00 
ASPECT  angle  ■ 0,  DEGREES 

RANGE  ■ 50000,00  FEEj 


PLUWE  IR  TOTALS 

FROM  l.BO  TO  2,90  MICRONS  ■ 0,0031  NT/ST 

FROM  3,00  TO  4, SO  MICRONS  ■ 0,1129  Wt/ST 


ATTENUATED  HOT  PARTS  IR  totals 

FROM  l.BO  TO  2,«o  MIcRONS  * 13,7402  WT/ST 

FROM  1,90  TO  4, go  MICRONS  ■ 48,4099  WT/ST 


PIREP  TEST  PROBLEM  5 
MOT  PARTS  SUPPRESSION  II 

CASE  21 


pirep  extension  Study 
elevation  angle*  0,  degree? 

ASPECT  RATIO  * 1,00 

ASPECT  ANGLE  ■ 30.00  D^GreES 

RANG#  » 0,  FEET 


PLUME  JR  TOTALS 

FROM  l.BO  TG  2, ^0  MICRONS  > 8,3132  “T/3T 

FROM  1,90  TO  4,so  MICRONS  ■ 174,0405  WT/ST 

att#nuated  mot  parts  ir  totals 

from  ,BO  TO  2. In  MICRONS  * «2 0,9008  WT/ST 

FROM  3.90  TO  4,«e  MICRONS  * 341,2573  WT/ST 
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CASE  2» 


PIREP  TEST  PROBLEM  5 
hot  parts  suppression  I 


I 


pirep  extension  study 


elevation  ancle*  o,  degrees 
aspect  ratio  » 1.00 

ASPECT  ANGLE  ■ 30.00  DEGREES 

RANGE  ■ 90000.00  EEEt 


plume  ir  TOTALS 

From  1.00  TO  2, to  MICRONS  * 
FROM  3.90  TO  4, so  MICRONS  ■ 


0,0176  wT/aT 
0,6479  HT/ST 


ATTENUATED  HOT  PARTS  IR  TOTALS 

FROM  l, SO  TO  2.10  MICRONS  ■ 
FROM  3.90  TO  4, so  MICRONS  * 
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PIREP  TEST  PROBLEM  5 
hot  parts  SUPPRESSION  II 

CASE  JO 

PIREP  extension  SfuOT 

ELEVATION  angle*  o,  DEGREES 
ASPECT  RATIO  ■ 1,00 

ASPECT  ANGLE  > 0,‘  DEGREES 

MANGE  ■ *50000. 00  FEET 


PLUME  IR  TOTALS 

FROM  l.SO  TO  2,fo  MICRONS  * 0,0031  WT/ST 

FROM  3.00  TO  4.R0  MICRONS  * 0,1129  WT/ST 


ATTENUATED  HnT  PARTS  IR  TOTALS 

FRGm  1,80  TO  2,75  MICRONS  ■ 0.9259  WT/ST 

FROM  3,90  TO  4,ao  MICRONS  * 45,0576  WT/ST 


PIREP  TEST  PrqBLEM  5 
HOT  PARTS  SUPPRESSION  II 

CASE  31 
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ELEVATION  angle*  o,  DEGREES 
ASPECT  RATIO  > 1,00 

ASPECT  angle  ■ 30.00  DEGREES 
RANGE  * 0.  FEET 


PLUME  IR  TOTALS 

FROM  1,80  TO  2,y0  MICRONS  ■ 6,3132  WT/ST 

FROM  3,00  TO  4,§0  MlfRONS  ■ 174,6405  Wt/ST 


attenuated  HOT  PARTS  IR  totals 


From  1,60  To  2,f:  Hi'  *CN8  * 
FROM  3,90  TO  4* TO  N .RONS  * 


368,0763 

330,7339 


WT/ST 

WT/ST 


PIRFP  TEST  PWORLEM  6 
SpEctPsl  signature  ano 

LOCK!  j 

**  PIREP 

OUTPUT 

CASE  1 

T7 

1308.00 

T5 

2008,00 

PB 

56.82 

A 0 

534.60 

PAHU 

19,70 

XM 

1.00 

VC  19 

0. 

ALT 

o. 

EAR 

0.01 

- 

IN  INDICES  

- -- 

1. ’8-2.7  3.9— 4." M 

PLUME 

17.  349,; 

HOT  PTS 

2010.  1298. 

MISSILE  PARAMETERS 


nq_  wavelength  band sensitivity _._nei s/n 


(MICRONS) 


(WATTS/CM**?) 


1 l.'flo  -.700  1.0  0.2Q00E-09  3.0 

2 3.'40  -.800  l.'O  O.ttOOOE-lO  0,7 
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PT'TP  TEST  FM  * 

spectRai  signature  and  i,(icKnn 

CASE  1 

PI«EP  FATEWSIUH  STUDY 

ELEVATION  ANGLE*  o.  DEGRFE8 
ASPECT  RATIO  > 1.00 

ASPECT  ANGLE  s Or  DEGREES 
RANGE  * 5000,00  FEET 

_ . , . ATMS/ 

510.0000  V.0000  0,  0, 

5lP,0000  1,0000  o,  ooooo.oooo 


AVERAGE  PLUME/ATmOSPHERF  TR ANSm I SSI  V I T Y 

FROM  l^flO  TO  <*.70  MICRONS  * 
FROM  3.00  TO  tt.90  MICRONS  S 


plume  JR  totals 

From  i.'so  to  2.70  microns  * 
From  3.«J0  TO  «.80  MICRONS  * 
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0.56H6  M T /SR 
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1,2522  NT /SR 


EXTENDED  HOT  PARTS  GEOMETRY 


exhaust  surface  coordinates,  in. 

9,  50.00  70,00 

25,/jo  23,90  10. 60 


CENTERBQDY  COORDINATES. IN./ 

0,  3rt^00  50.00  70,00 

40.00  10.00  20,00  0, 


I > 
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- 

FROM  1^80 

TO 
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XSPKTT  PAT  TO  = l«'-'Q 
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AVERAGE  PI UHF/ATMHSFHt PF  TRANSMISSIVITY 

FMOP  l.ftO  Tf3  2* 70  HTTHONS  = 
FROM  i.MP  TO  llmm>  pir.RfwS  =■ 
FROM  4.17  TO  4.25  MICROS  = 
FROM  a.40  To  4.bO  MICRONS  S 
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FROM  l.AO 
FROM  3. PC 
FROM  4^17 
FROM  4.40 
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TO  4.25 
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HtcRONS 
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MICRONS 
M1CromS 
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.ATTENUATED  HOT  HARTS  IR  TOTALS 

FROM  l.ao  To  2.70  MICRONS  = 
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FROM  4*17  to  4,£S  MICRONS  * 
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from 

1 >0 

Tn 

?.  TO 

MirRONS 

s 

0.27  HO 

fcT  /SR 

FROM 

3. pc 

70 
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PROM  «,j7 
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AVERAGE  PLUME/ATMOSPHERE  TR  ANSM  I SS  l V I TV 
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from  a .1 7 to  4.25 
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